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HE rapid evolution of constructive methods in recent 
years, as illustrated in the use of steel and concrete, 
and the increased size and complexity of buildings, 
has created the necessity for an authority which shall 
embody accumulated experience and approved practice along a 
variety of correlated lines. The Cyclopedia of Architecture, 
Carpentry, and Building is designed to till this acknowledged 
need. 


C, There is no industry that compares with Building in the 
close interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con¬ 
struction is to-day as much out of place on important work 
as the Contractor who cannot make intelligent estimates, or who 
understands nothing of his legal rights and responsibilities. A 
carpenter must now know something of Masonry, Electric "Wiring, 
and, in fact, all other trades employed in the erection of a build- 
ino;; and the same is true of all the craftsmen whose handiwork 
will enter into the completed structure. 

C, Neither pains nor expense have been spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 



expert, but one that wjll commend itself also to the beginner 
and the self-taught, practical man by giving him a working 
knowledge of the principles and methods, not only of his own 
particular trade, but of all other branches of the Building Indus¬ 
try as well. The yarious sections have been prepared especially 
for home study, each written by an acknowledged authority on 
the subject. The arrangement of matter is such as to carry the 
student forward by easy stages. Series of review questions are 
inserted in each volume, enabling the reader to test his knowl¬ 
edge and make it a permanent possession. The illustrations have 
been selected with unusual care to elucidate the text. 

The work will be found to cover many important topics on 
which little information has heretofore been available. This is 
especially apparent in such sections as those on Steel, Concrete, 
and ileiiiforced Concrete Construction; Building Superintendence; 
Estimating; Contracts and Specifications, including the princi¬ 
ples and methods of awarding and executing Grovernment con¬ 
tracts; and Building Law. 

The Cyclopedia is a compilation of many of the most valu¬ 
able Instruction Papers of the American School of Correspond¬ 
ence, and the method adopted in its preparation is that which this 
School has developed and employed so successfully for many years. 
This method is not an experiment, but has stood the severest of all 
tests—that of practical use—which has demonstrated it to be the 
best yet devised for the education of the busy working man. 

In conclusion, grateful acknowledgment is due the staff of 
authors and collaborators, without whose hearty co-operation 
this work would have been impossible. 
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STEEL CONSTRUCTION. 


PART I. 


THE STRUCTURAL ELEMENTS OF A BUILDING. 

From the structural point of view, a building consists of the 
following parts: 

1. The foundations. 

2. TLe enclosing; walls. 

3. The columns and bearing partitions. 

4. The lloors. 

6. The roof 

If the building is very narrow, columns and bearing parti¬ 
tions may not be used, but the other four components are always 
present. Steel enters into the composition of the last four named 
parts to a greater or less extent in nearly every building, and 
these steel members are collectively called the framework of the 
building. Leaving the discussion of the subject of foundations 
until later, we shall consider briefly the component parts of the 
other divisions that ma}’ be said to constitute the elements of ,a 
building. 


THE ENCLOSING WALLS. 

Exterior walls, in general, are of five kinds: 

1. Miisouiy walls of brick or stone, supporting their own weight and 
the adjacent flour aud roof loads. 

2. Masonry walls supi:>orting their own weight, but no floor or roof 
loads. 

3. Masonry walls not self-supporting. 

4. Walls of iron, copper or other metal. 

6. Walls of concrete. 

Load-bearing Walls. Walls of the first class will be readily 
understood as regards their general characteristics, and will be 
treated more in detail under the heading “Building Laws and 
Specifications.” 
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Self-supporting Walls. Walls of the second class are gen- 
erall}’ of brick or stone, and have contained in them steel elements 
carrying the floor and roof loads. These elements consist of verti¬ 
cal members spaced at intervals in the 
wall and called the wall columns, and, 
between them, horizontal members, 
generallj" at the floor levels and also 
over all openings. These members at 
the floor levels are called the wall 
girders; and those over the openings, 
the lintels. The wall girders carry the 
floor and roof loads to the columns, and 
so to the foundations. The lintels, in 
this class of wall, rest on the masonry 
and sometimes are omitted entirely, 
depending on the necessity of supporting the stone lintels, 
on the impracticability of turning brick arches, or on the neces¬ 
sity of relieving such ainlies of 
part of the load. 

Fig. 1 shows a construction 
of this type. The particular form 
of section of the wall girdeis and 
of the lintels varies, of course, with 
the conditions ; but the essential 
feature to be noted is that all loads 
are kept ofl the walls, except the 
weight of the masonry itself. 

Curtain Walls. . Walls of the 
third class differ from the pre¬ 
ceding in that they themselves 
must be supported on the steel 
framework. The walls themselves 
may consist of brick, or of brick 
with stone or terra cotta trimmings 
or facings. The steel elements 

are the W'all columns and wall __ 

girdeis, as before, and the horizontal members over the openings. 
These latter, instead of being called lintels, however, are called 
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spandrel beams, since, instead of simpl\- siDanning* the opening, 
they take all the load of the ■wall between the wall girders and 
the head of the opening, and carry this load to the columns. 
The wall girders, too, besides the floor load, generally carry the 
load of the wall for the story above. In some cases this wall 
is carried through several stories to heavy girders below, but 
such construction is not common. 

In buildings wheie this class of wall is used, the framework, 
in addition to canying the loads, 
must furnish a portion of the 
lateral stiHiiess to resist wind 
and other strains. This feature 
will be more particularly dis¬ 
cussed under “ High-Building 
Construction.’’ 

Figs. 2 and 3 show tyj^es of 
construction in this class. 

Metal Walls, Walls of 
the fourth class are not com¬ 
monly met with in what is 
termed fireproof construction, 
but are more generally used in 
buildingKS having their floonsand 
roofs framed in whole ox' in part 
with wood. When they do 
occur, however, they come, 

-structurallj^ into the previous 
class, as far as the elements of 
the framework necessary for the 
support of the fiooi* and roof 
loads and theii' own weight are 
concerned. 

The chief diJ^erence is in adapting the spandrel beams to the 
support of the paidicular covering used. Fig. 4 illustrates such 
construction. As before, the section of the wall girders varies in 
each case with the conditions, and the spandrel section varies even 
more. 

In both of the two classes just described (curtain walls and 
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metal walls), no form of construction can be called standard. 
The only principle which the student should observe and follow is 

that the wall girders and spandrel 
beams must be so arranged and 
designed as to carry properly all floor 
and roof loads, to support and carry 
properly each part of the wall itself, 
and, further, to provide necessary 
stiffness to the building. 

Concrete Walls. Walls of the 
fifth class are rarely met with at 
present, except in mills or manufac¬ 
turing plants, and discussion of their 
features is accordingly reserved for 
the discussion on Mill Buildings.” 

AND BEARING PARTITIONS. 

These are classed together because, either jointly or sepa¬ 
rately, they serve to carry to the foundations the portion of the 
loads not carried by the wall columns and exterior walla. When 
a partition tates these loads, it is invariably of brick. When par¬ 
titions are of other materials, they ate never designed to carry 
loads, but, on the contrary, form, pai’t of the load carried by the 
floors.^ 

The different forms of partitions that are not load-bearing 
will be considered under Fireproofing.” 

Columns are the more common, and in general the exclusive, 
element of the framework that carries the loads within the walls 
to the foundations. There are two features to be considered in 
connection with them: (1) the load-bearing or metal shaft, and 
(2) its eoveiing or casing. There are a variety of sections of 
columns, some of which are illustrated by Plate I. As in the 
case of forms of spandrel beams, no definite rule can be given for 
the use of any particular section to the exclusion of othei'S. These 
will be described in detail under the heading “ Columns.” 

* Kotb. —This statement refers to fireproof buildings only, and not to 
those framed with wood. 
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THE FLOORS. 

Tlie elements of tlie floor are : 

1. The aicli, vrlilck receives the load directly. 

2. The beuins^ between winch the arch si>rings. 

3. The gilders, carrying the beams. 

4. The ceiling. 

Arches. There are several different kinds of floor arch. In 
general, as to niiiterial of construction, they ma^’’ be said to com- 
piise the following types: brick, corrugated iron, poi-ous terra 
cotta, hard tile, canei'ete, and concrete steel. 

In ollice buildings and nearly all structures with a finished 
interior, some foini of flat arch is used almost exclusively in order 
to avoid the necesblLy of furring down for a flat ceiling. In ware¬ 
houses, stores, and other buildings cariying- heavy loads, seg- 
inental aivh con^truedion is more frequent. All segmental arcli 
constructions requiie tie rods passing through the webs of the 
beams at intervals of about five feet, to take the thrust of the 
arches. Tie rods are also required in fiat arch construction, 
where the arch is made of separate blocks, but they are not gen¬ 
erally used for flat arches of concrete slabs. 

The subject of arches will be considered in detail under 
“ Fireproofing.” 

Beams and Girders. All of the horizontal members that 
form the framing of the floor come under one or the other of those 
heads. 

A beam carries no other element of the framework, and 
receives strictly the load of the arch or the partition or other por¬ 
tion of the structure wliicli it is designed to cany. 

A girder carries the end of one or more beams. It may at 
the same time receive direct load from the arch or jjartitions ; but 
if it carries other elements of the framework it should be refelred 
to as a beam. 

Other uses of the terms “‘beam” and «girder” will be con¬ 
sidered later. 

THE ROOF. 

A roof is essentially the same as a floor as regards the ele¬ 
ments of construction. Its peculiar featm*es are the pitch, open¬ 
ings for skylights, etc., support of pent bouses, of tanlm, ere. 
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The pitch ill almoist every ease where a :firex>roof roof is used 
is very Hat, genenilly a mluimuni of inch per foot and varying 
from that according to the rec|uireinents of the roof lines in each 
particular case. 

The beams and girders usually follow the pitches of the iiii- 
islied surface of the roof, so that no additional grading on top of 
roof is necessary, except locally in order to form cradles around 
skylights and other obstructions, front the down-spout to the tv ail 
immediatel 3 ’ back of it, and in a few places where the pitch of the 
roof necessarily" changes between the bearings of beams. In gei> 
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CHANNEL ZEE 

eral, however, the pitch of roof changes only at the ends of beams 
and girders. 

The pitching of beams and girders makes it necessary^ to furr 
down the ceiling, if this is to be left level, as it generally is. 
This is done by hanging from the beams a ceiling made either of 
tile or plastered wire lath on small angles or channels. See 
“ Fireproofing ” ’for illustrations of this. 

Tanks and pent houses require special framing for their sup¬ 
port, and all roof houses generally are constructed with a frame 
of light angles and tees. 

USE OF HANDBOOKS ON STEEL. 

The steel used in a building is in the form of single pieces, 
or combinations of one or more pieces, to which the general term 
shapes” is applied. All shapes are made by rolling out the 
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rectaiJgular prisms or ingots that come from the hlnst furnace. 
The followmg comprise nearly all the shapes rolled : Ihirs or 

Flats, I'tounds, Half Rounds, 
Ovals, Flat Ova.ls, Plates, 

Angles, Tees, Zees, I lhaiins, 

Deck Dearns, C li a n n e 1 s , 
Ficj a9 Trough Plates, Corrugated 

Equal Leg Angle Plates, P>uckled Pla-tes. Il¬ 

lustrations of some of these are given in Figs. 2r) to o5. 

riethod of Rolling. The jn'ocesses of maiiufaeture an^ i)rae- 
tically identical in all mills; and the siz(‘s of the different shaj)i‘s 
are identical in all mills for nearly all sizes. Certain sizes are 
known as “standard,’’ because they are 
rolled constantly by all mills. Certain 
other sizes not so commonly" used are 
known as ‘‘ special,” and vary some¬ 
what in the different mills. Tlnvse 
distinctions will be explained in greater 
detail later on. 

The process of roiling an I beam 
is ill general as follows: dlie ingots 

are jiut into what are ealletl “soaking pits” below ground, 
which are heated by natural gas. Wiien white hot or at just Ilu‘ 
right temperature, they are taken tml- and pass(‘d s(‘V<‘ral tiuu^s 
through the lirst set of shaping rolls. Tlitsse rolls nvo. at 
first spread nearly the depth of the ingot.. They are aut.oinali- 
cally lowered, however, as the ingot is passt'd through, ami so 
reduce the thickness sufficiently to (*.nahU* the jutMa* to pass 
U through the next st^t of rolls, whi<*h give it ilui 
general sliape of tlui hdter I, though it. si,ill 
retains much thickness, and is only partly fornu^d. 
After being shapiMl sufluntudly by ihesci rolls, the 
piece is passiul to the third or linishing s(‘t of rolls, 
wluu’e the hnal shaping takes pkua‘. The [nt‘ee, 
still V(uy hot, is then passed on hy niovalih* tables 
to (‘ireular saws, wluu’e it is cut into c«‘rtaiu 
lengths. Ea(‘]i sizii and weight of beam or otlu^.r shape rt‘<purtss a 
distinct set of rolls in order that the pi(*ces may he giviui t*xactly 
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the required thickness and dimensions. only one size 

and weig'lit is rolled at a time, and all C5r»]o:s loat liavc accumu¬ 
lated since the last rolling of this size are then i-olled at once. 



SECTION OF CORRUGATED PLATEG FOR FLOORS 



The intervals of time that elapse between rollings of a given 
size vary considerably, being in some cases peihe.ps six weeks, and 



(' 


\V- 




SECTION or TROUGH PLATES FOR FLOORS 


ill other cases several months, rumerally the larger sizes are 
rolled at one mill and the smaller sizes at anollmr. 



SECTION OF BUCKLED PLATES FOR FLOORS 


Characteristics of Shapes. I Living seen in general how 
shapes arc formed, the student, slfonld now Ijecoinc thoroughly 
familiar with the features of ea<*i». Beams and channels consist 
of a thin plate-liko iiortion, calle<l the wcdi,"’ and, outstanding at 
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each end of the web and at right angles to it, what aio called 
“flanges.” A beam has the shape of a lettei' 1 and is therefore 
called an I beam, A channel is like a letter I with the flanges on 
one side of the web omitted. The connec- 
^ tion of flange to web is curved, and this 

p curve is called the “ flllet ”; also, the inner 

^ side of a flange is beveled, and this bev’el 

P is in all sizes the same, viz., 16g- per cent 

P with the outer side of the flange. A 

curve of varying radius connects the outer 

\-^ edge with the inner side of a flange. Idie 

distribution of nit‘talin the heavier sections 
of a giveii sliupG is shown by the })<)rtion 

/ L- Ifw ^\i\/C3L£^ 1 * ‘X'n* T 1 *1 

not cross liatohetl in ings. 26 to 2y. It will 
be seen therefore that for a givim depth, the only diflorence in the 
diflerent weights is in the thickness of webs and width of flanges. 

The accompanying cuts. Fig. ' 1 " 

36, shows the relations, radii of 
curvature, and other data which 
are standard for all beams. 

c = .60 mmimmn wob , ^ 

C= mini mum web + hieh 
s == thickness of c1> ~ t minimum 

Notk. This applies for ail channels ® j^jg 5 ^, 

and beams exoexit 20-1 uch I and 21-iiich I. 

For 20-inch standard I, =:= .55 inch t = .50 inch xuiuimum 

For 24-iiich I, h’-—~.r»0 “ J 5 r:= *50 “ “ 

For 20-inch sjiocial I, =: .65 “ tzjz. .(50 “ 


Fig. 3ft. 

f, = .50 inch xuiuimum 
eri-.56 “ “ 

tZJLjiO “ 


The slox)c of (lau<jfes for all hoams and channels is 2 inches xier foot. 


In tables V and V I, the weights printed in h<‘avy typo are those 
that are standard. Tiie other weights are rolhid by sx)roadiiig tlu‘ 
rolls of the standard size so as to give the requirtul increase, and 
are known as special weights. These arii not I'ollod so regularly, 
and are therefore in general moi'e subject to delay in delivtuy. 

The two parts of an angle are called “legs.” These are in 
one class of equal length, and in another class of uncMpial length. 
Notice also tln^ fillet and curve at outer edge. The method of 
increasing the weight is shown by the full lines. It will be seen. 
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therefore, that for an angle with certain size of legs the effect of 
increasing weight is to change slightly the length of legs, and to 
increase the thickness. 

In case of angles, the distinction between ««standard’’ and 
‘‘ special ” applies, not to different weights and thicknesses of a 
given size as in the case of beams and channels, but to all weights 
of a given size as a whole, as will be seen from the tables on pages 
3(>-7. Angles vary in all cases by inch in thickness between 
maxinnnn and minimum tliicknesses given in the tables. In the 
addition to the above special sizes of angles, there are certain 



special shaped angles known as square root angles, cover angles, 
obtuse angles, and safe angles* These shapes are illustrated in 
Figs. 87, 38 and 39. Theix' uses, however, are limited to special 
classes of work. 

The square mot angles are used where it is necessary to 
eliminate the lillet. The covei' angles are for use in splicing so 
that the covers will fit the fillets of the angles spliced. As the 
doinand for such is limited in any paiticular jhece of work, it is 
cnstoinary to plane off a regular angle. The other shapes are for 
spedal uses, as will be readily understood. 

Bent plates are very commonly used in place of obtuse angles. 
None of the above can be obtained easily at the mins, and would 
be used only when it is not possible to adopt the regular shapes. 

With the above explanation the student should be able to 
understand readily the features of the other sha^ies by carefully 
studying the outs. 

Plates ai‘e of two classes known as “sheared” plates and 
“universal mill” or “edged” plates. Plates up to 48 inches in 
width are in general universal mill plates. This term applies to 
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plates wliose edges os well as surfaces arc rolled, tliiis insuiing 
uniform width. Plates above 48 inclios in width have their edges 
sheared, and are known as sheaved plates. 

As already stated, there are various meanings of the terms 
“beam” and “girder,” and it is vory important to understand fully 
the distinctions. The delinitions previously given are applied to 
the manner of loading. 

“Beam” is also the term a.x’>pliecl to the shape rolled in the 
form of the letter T, in distinction from the channel, as noted in 
the x^^’^cediiig x>aragiviphs. An I beam may be used in a x^osition 
\vhich, from the definition given, fixes it as a girder in disfinction 
from a beam; and in s[)caking of sindi a ease, one sliouhl say that 
tlio girder consists of an 1 heani. Jii ordering* the material, howevtn*, 
the shape should be referred to as an 1 beam and not as nn I gir(h*r. 

Similarly, a. channel may he us(‘d in a x>o«'dion w hieh, from 
the dehiiilion, would fix it as a beam. Iii refeiTing to it, one 
should say that the beam consists of a channel; and in ordering 
material, it sliouhl ho referred to us a clninnel and not as a h(’ain. 

The beam may in somo eavses be made of soidions riveted 
together, and, in such cases, would he rtdVrred to, in onhn-ing, as a 
riveted girder. Frequently, also, two beams bolUal together artj 
used, and are then called beam gh-ders. It will be seen, therefore, 
that there are two distinct usi's of these terms, beams and girdei's 
— the first depending ou the imumer of loading, and the second 
on the particular form of setit.i<ni of the member ns(‘d. 'riiese two 
uses should nev(,‘r be confounded, as serimis results might lollow, 
especially in ordering material. 

Uses of Sections. Ea.eh of the rolled siKd-ions has oertaun 
uses to which it is esx>ecially adapbai, and for whiidi it is most 
generally employed, I beams and channels arc used xn’incipally 
as beams and girders to (',a.iTy thxu's, roofs and walls. I beams are 
used to some extent also as columns, wlu'u the loads artt ndativoly 
light. Channels are rarely used singly as coltumm; but they ur<^ 
used quite extensiv<‘ly in x^J»b*s laUie.ed, and in cennbination with 
other shapes, to serve tlu*. columns. (^For illustrations 

of such uses see Plate J, Page 7, showing eolunm sections.) 

Channels are also us<»d to sona^ extent in pairs latticed, or 
with plates across fiang(‘s, for the chords in trusses. 
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Angles are used most extensively in combination with other 
shapes to form cohiiuiis, for moiiibers in trusses, and for the 
flanges of riveted girders. Tliey aierarel}" used singly as columns 
except for light loads. As ]>eams tliey are used only for very 
light loads, such as short lintels, ceilings, and roof purlins, when 
close spacing is iiocessary. They are used almost exclusively for 
tlie connections of beams and columns an<l of other members one 
with another, and for any position requiring a shelf for the sup¬ 
port of other work. 

The use of tlie angle is more varied than that of almost all 
other shapes, and it forms an essential part of nearly all riveted 
members. 

Tees are rarely used in the construction of riveted members. 
Their principal uses are as ]>eams of short S 2 )ans and close spacing, 
where the loads are light and where a flange on each side of the 
center rib is necessary. Such instances occur in sliort lintels, ceil¬ 
ings, and certain cases of roofs, in skylights, pent houses and the 
like. 

Zees are used extensively in oolninns, four zees being con¬ 
nected by a wcl) plate (»r lattice bars; also to some extent in lin¬ 
tels and light purlins. Hiey are soldoiii used except wliore it is 
desirable to have the flanges arranged in this way, and usually 
angles or tecs can ho used to equal advantage witli less expense. 

Plates arc iisinl us (umiiecting inembors in nearly all livoted 
work, hut rai’cly alone (‘xctq)t as Ix'aring surfaces on masonry, and 
in some cases as sludves built in and projecting from masonry 
walls to receive other ineinbiTs. 

Buckled Plates and Trough Plates are used almost exclus¬ 
ively in bridge work for lloors. 

Corrugated Iron is used to a c<nis!<hiva1)lo extent in the sid¬ 
ing and roofs of sheds an<I other buildings of a more or less tem¬ 
porary nature. Fornierly it was us(‘il some extent in fireproof 
floors us ilhistratt‘,d in Firi'prooiing.” This use, however, has 
almost entindy passed away. 

Rods and Bars a.re used silinosfc exelusively as tension mem¬ 
bers, for example, in trusses or as hangt'rs. 

Rules for Ordering. Material is never ordered simply from 
a schedule unless it is to be shipped plain, that is, merely out to 
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lengtli Tritkoiit any shop work upon it. If there is to be any 
vrorking of the matei'ial .other than cutting to leng’th, such as 
pniichiiTg', riveting", or framing, a shop dra\viug is invariably 
necessary. Descriptions and uses of shop drawings will be given 
later. 

If the material is simply to be cut to length, however, a 
schedule is sufficient; and in such eases the follow ing rales should 
be observed; 

1. Xever give both the thickness and weight per foot of a piece. 
Beams and channels are invai'iably ordered by the dei>th and weight x^cr 
foot, as a 12-itich I beam 31^ lbs. per foot, or a 10-inch channel 16 lbs. per 
foot- 

Angles are almost invariably ordered by giving the dimensions of legs 
and the thickness, as a 0 in. X 6 in- X J in. angle, or a C in X 2^ X i in. 
angle. 

l^ees are generally ordered by giving dimensions and thickness, as a 3 in. 
X 3 in- X I in. Z, or a -4 int. X 3 in. X in. Z When unequal leg Z’s are 
ordered, always give jflange dimensions first. 

In ordering tees, the dimensions and weight i>er foot are given, because 
the stem of a tee tapers. Thus a 3 in. X 3 in. 6.0-lb. T, or a 3^ in. X 3J in. 
9.2-lb. T. Here, as in the case of a Z, give flange dimensions first. 

‘Plates are ordered by cxuoting width and thickness, as a 12 in. X I in. 
plate- The same ai:)pHes to bars and flats. 

Square and round rods are ordered by giving dimensions of the cross- 
section, as a §-in. diameter rod, or a 2 in. X 2 in. rod. 

2. All material, unless otherwise ordered, is subject to a standard 
variation in length of i inch. That is, it may be I inch over or under the 
specified length. If exact length is required, therefore, it is necessary to add 
after the specified length the word “exact.” 

3. If material is to be painted, the number of coats and kind of i>aiiit 
must be specified, as “ Paint, one coat graphite.” 

4. Pull shipiiing directions must be given, including the name of party 
or parties to whom order is to be billed, naine of consignee, nearest railro id 
station, and route over which shipment is to be made. 

5. Always avoid using special shapes and weights if time of delivery is 
any consideration, even at the expense of a little extra weight, unless &xjecial 
arrangement is made in advance as to the delivei'y which can surely bo made. 
It is more important to avoid the delay that would hinder x)r<)gre8s in all 
branches of the work on a building through waiting for a few xiiooes of steel, 
than it is to save a few pounds by the use of special shapes and weights. 

USB OF TABLES- 

Since all steel designs are dependent upon the use of the fore¬ 
going shapes, it will be seen that it is necessary to refer constantly 
to tables containing their dimensions and other chanieteristics called 
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properties. Xliis term properties ’ covers all tlie character¬ 
istics Avliich determine strength, and which are illustrated by the 
tables. 

The different steel companies issue different books, but the 
properties for all standard shapes are practically tlie same. 

Before proceeding to a discussion of the use of tables, a 
caution should be given for the future guidance of the student. 
Inhere is always danger in using tables, diagrams, and formuhe 
prepared by someone else. The danger is from two sources : (1) 
the information given may mot be correct; and (2; the person 
using the data- may, thrciugh failure to understand fully the basis 
on which they were prepared, use them wdiere they are not applic¬ 
able. 

As regards the first point, the more authoritative the book in 
which the information is given, the greater is the probability that 
it is correct. Not everything in print, how^ever, is reliable. 

The second point is even more important, because in the case 
of almost eveiy table, diagram, or formula, there are certain limi¬ 
tations to its use, and certain cases to w^hich, without a full under¬ 
standing of these limitations, it is liable to be applied incorrectly. 

From the outset the student should form the habit of investi¬ 
gating the derivation of tables and diagrams and the basis of for- 
muliB in order that he may use them intelligently. The basis and 
application of tlie fundamental formulae can be understood w^ithout 
necessarily retracing all the steps in their derivation. There are 
many s^iecial formulae given which are simply modifications of the 
fundamental formulae adapted to special cases, and such formulce 
should never he used without tracing their derivation from the 
fundamental formulae. 

Safe Loads. Table I gives the total loads, uniformly distrib¬ 
uted, which can be safely carried by the different sections of 
beams and channels for spans varying by one foot. 

The manner in which the problem of the safe load will gener¬ 
ally come up is: 

Given a certain weight per linear foot of beam, and a certain 
span, to find the required size and weight of beam. In this case 
the total weight is obtained by multiplying the clear span by the 
weight per foot and adding the weight of the beam. As it is 
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Safe Loads Unitarmly Distributed for Standard and Special I-Beams and Channels, in Tons ot 2,000 Pounds. 
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ROTUNDA IN THE ROOKERY BUILDING, CHICAGO. ILL. 

Prank Lloyd Wrignt, Architect of the Remodeled Staircase and Light-Fixtures. 
Statuary Marhle, Carved with Decorative Scroll-Work, the Latter Inlaid with Gold Leaf. 
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Safe loads given include weight of heam. hlaximum fibre stress 16,000 pounds per square inch. 
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Safe loads given include weiglit of beam. Maximum fibre stress lt!,000 
lbs. per square inob. 


necessary to know the size of the beam before its weight can be 
added, this operation must iirst be neglected, and tin’s size prOvi 
sionally determined from the taldos showing what sections wil] 
cany the snpovimposed load. Then add tli<‘. weight of the scle<dAM] 
beam, and again refer to the table to see if the c^apaeity has btuai 
exceeded by the addition of the weight of the beam. If it- lias, i\ 
difEerent section must be taken. 

It is important to'note that there is in general a difh^n^iKa’ 
between the length of spans used in computing the total load 
carried and that used in the table. These tables arc compiled 
from results gi-ven by the use of the regular beam formula, which 
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has been explained, and in this formula the length of span is 
the length between centers of bearing’s. It is this length which 
should be used in referring to the tables. 

In some cases there would be practically no di^erence, as in 
the case of a beam framed between two steel girders. If, howevei, 
the beam were built into brick w’'alls, the span used foi' computing 
total load would be the length between inside faces of walls, 
whereas the span used in tables would be from center to center of 
bearing plates. 

Another point to be noticed in the use of these tables is that 
they are based on the supposition that the beam is supjDorted bj 
adjacent construction against lateral deflection. As will be more 
fully noted later on, long members under coinijression fail by 
deflecting sideways. In order, therefore, to be able to carry the 
full load indicated in these tables, the top flange of the beam or 
■ channel must be held against side deflection. This may be accom¬ 
plished in a variety of ways. If the beam is in a floor or roof, the 
fireproof arches and the rods will generally x^rovide the necessary 
support; or, if it is in a building not fireproof, the wood beams or 
the planking will-also accomplish this. If, however, the beam was 
used in an unfinished attic, and the ceiling construction was at the 
bottom flange, leaving the rest of the beam exposed, the load must 
be reduced as indicated by the auxiliary table of proxDortioriate 
loads. The load would also have to be reduced in the case of a 
beam carrying a wall with no cross framing at the level of the 
beam. It is, therefore, of the first importance to know exactly 
how the loads are carried by the beam, and in what relations other 
parts of the construction stand to the beam. 

In practice, spans not exceeding twenty times the flange width 
are not considered to require side supxDoxt, 

In some cases there must be made still another modification 
of the loads indicated by these tables, and that is to provide against 
excessive vertical deflection. It is well known that all members 
loaded transversely -will bend before they will break. In other 
words, any given load causes a certain amount of deflection. It is 
not practicable, however, to allow this deflection to be very great 
in. structural members, because of the resulting vibration and be¬ 
cause where there are plastered surfaces cracks will occur. It is 



TABLE II. 

Spacing of Standard I-Beatns for Uniform Load of' 100 Pounds per Square Foot. Proper Distance in Feet Center to Center of Beams. 
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For load of 200 pounds per sciuare foot, divide the spacing given by 2. Maximum fibre stress, 16,000 pound s per square inch. 



TABLE II—(Concluded.) 

Spades o> standard I-Beams for Uniform Load of ISO Pounds per Square Foot. Proper Distance in Feet Center to Center of Beams. 
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For load of 300 pounds per square foot, divide the spacing given by 2. Maximum fibre stress. 1(5,000 pounds per squaie inch. 
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not sufficient, therefore, merely to get a section strong enough to 
carry the given load, it must also be stiff enough not to deflect 
more than a certain proportion of its length under this load. It 
has been determined that a beam can deflect of its length, or 
of an inch per foot of length, without causing cracks in a plas¬ 
tered ceiling; and it is this criterion which is generally followed 
in determining the section required to meet the condition of safe 
deflection. 

In Table I the loads above the heavy black line are the safe 
loads which can be carried without exceeding the above deflection. 
A beam may be used on spans longer than those above the black 
line; but in this case, m order not to exceed the safe deflection, 
the load indicated by the tables opposite this span must be reduced 
by the following rule : 

Rule for Safe Loads above Spans Limited by Deflection. 

Divide tbe load given ox)posite the span corresponding to the length 
of beam by the corresponding span, and multiply by the span given 
just above the black line ; or, 

If S = tbe given span, 

L = tbe tabular load for this span, 

Sj, = the span just above the heavy black line, 

= the required load, 


then Lj 


S^L 

S ‘ 


In cases where the depth of beam is not limited, coin])arison 
of different depths of beams shoidd be made, and the one selected 
which proves the most economical. 

Spacing of Beams. In many cases where the location of 
columns and spacing of beams arc not fixed by certain features 
of design or construction, the problem arises in a form for whicli 
a table different from Table I is more useful. For instanct% 
if the problem is to space the columns and bt*ams to give the most 
economical sections to carry the given loads, liable II will bo use- 
'£uL This gives the spacing of beams for diflorout spans to cany 
safely a load of 100 lbs. and 150 lbs. per square foot. By com-, 
parisons, therefore, of the different sections, sj^ans, and spacing tliat 
may be used, the most economical section can be selected. 

The above table is useful also when it is desired to know tine 
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loading that a certain floor was designed to carry and when only 
the framing plan is at hand. 

If other loads per square foot are used, the table can be modi¬ 
fied by dividing the spacings given by the ratio of the required 
load to the indicated load of the table. The same modifications for 
lateral and vertical deflection must be made as in the preceding table. 

In all cases where there is a choice between beams of diflerent 
depths, it should be borne in mind that beams of greater depth 
than 15 inches cost an extra one-tenth of a cent per pound; this, 
therefore, affects their relative economy. 

Deflection. As noted in preceding paragraphs, it is impor¬ 
tant to know what the vertical deflection of a shape will be under 
the loads and for the spans specified, as in the majority of cases 
the section cannot be selected from the tables of safe loads because 
of unequal loading or because some other shape is used. It is 
therefore‘necessary to be able to calculate from additional tables 
what the deflection will be. 

The following formula can be readily used for this purpose. 
We shall first explain its derivation. 

The general formula for the deflection of any shape supported 
at the ends and loaded uniformly is: 

, _ 5 WZ3 
884 El* 

Where W is the total load, E the modulus of elasticity, and 
I the moment of i nerti a. 

5 

is a constant since E = 29,000.,000 

oo4 E 


W = pi, and M = I pV^ — iWl 

and ^ = i = -; therefore Wf = X I 

• ./ y 8 X 16,000 y 

if the beam is loaded up to its full capacity, and the fibre stress is 
taken at 16,000. 

Therefore d — X ^ X IMOO X _ I 
384 Ely 

.000057522 • I j ..r. ru 

or, since h = depth of beam = 2y, 


y- 

.00011522 




In this formula I must be taken in inches. 
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From this general formula (1) a table in a number of differ¬ 
ent forms can be made. In Table III dii^erent values of I are 
substituted, so that the deflection in inches is obtained by taking 
the constant in the table corresponding to the given span, and 
dividing by the depth of the beam. 

Another table could be made by substituting different values 
of li corresi^ouding’ to different beams, and this would readily give 
for each beam the deflection by multiplying by the square of the 
span in inches. 

If the fibre stress in the beam due to the loading was less than 
16,000, the deflection would be obtained by multipljung the result 
given in the table by the ratio of given fibre stress to 16,000. 

The formula (2) applies directlj^ to beams and channels only. 
If, therefore, a table based on this formula is made, and it is desired 
to use it for determining the deflection of unsymnietrical shapes 
such as angles, tees, etc., the coefficients given must bo divided by 
twice the distance of the neutral axis from extreme flbi’e, since 
both numerator and denominator of (1) has been multiplied by 2. 

If a beam had a center load, its deflection could be obtained 
from this table by multiplying by this being the ratio of the 
deflection of a beam supported at the ends and loaded with a center 
load, to that of a similar beam with the same total load tinifornily 
distributed. 

In the table of safe leads it will be noted that a heavy black 
line divides the capacities specified. Tliis is to denote the limit 
of span heyoiid which the dellection of tlie beam, if loaded to its 
full capacity, would be likely to cause the ceiling to crack. This 
limit of span can be determined from the formulm given above, as 
follows : 

A deflection of of the span can be safely allowed witboufc 
causing'cracks. Substituting ^ i for d, therefore, wo have 
I _ 6^2 X 8 X 16,000 
360 384 

and I = 48.3 y 

Making the substitutions of the value of y for different sized 
beams, gives limits agreeing with those in the Chimbria Hand Book. 
The limits given in the Carnegie book are fixed arbitrarily at 20 
times the depth of beam and some less than tlmse. 
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Expressing the above formula in a different form, we have 

fi = ^ y 

* 360 X o X 8 

•1 ^ I 3S^ E /■ X. 4.N 

and X — = —=-=-:=r = C ("a constant^. 

y St)U X o X 8 ^ ^ 

f — = 773.833. 

y 

TABLE III. 

Coefficients for Deflection in Inches for Cambria Shapes Used as Beams Subjected 
to Safe Loads Uniformly Distributed. 


Li . *2cn 

S’j 

in* 

±M 

. Cw.i".: :/.r 

S‘.r£as of 
1 r’.- 

s' li' ■ 

: C.-_:"T:Lr 

rJiiri Sir^ss of i 
12 jfifJ ^^2 1 'r 

I ' “ 

r '-ff-oo 

in -C't. 

r.” 

!' 

i.«’ F:r 

i?: 

r.L-. ii-*: - 

. r ' 

1 "j. 

' “ ■ Ttl' " 

4 

.265 

.207 

23 

8.766 

6.841 

• 6 

.414 

.323 

24 

9.534 

7.448 

6 

.696 

.466 

26 

10.345 

8.082 

7 

.811 

.634 

26 

11.189 

8.741 

8 

1.069 

,888 - 

27 

12.066 

9.427 

9 

1.341 

1.047 

28 

12.977 

10.138 

10 

1.6S5 

1.293 

29 

13.920 

10.876 

11 

2.003 

1.565 

30 

14.897 

11.638 

13 

2.383 

1.862 

31 

15.906 

12.427 

13 

2.797 

2.185 

82 

16.949 

j 13.241 

14 

3.244 

2.534 

33 

18.025 

' 14.082 

16 

8.724 

2.909 

34 

19.1§4 

14.948 

16 

4.237 

8.810 

36 

20.276 

i 16.841 

17 

4.783 

3.737 

36 

21.451 

16.769 

18 

5.363 

4.190 

37 

22.659 

! 17.703 

19 

5.975 

4.668 

38 

23.901 

1 18.672 

20 

6.621 

6.172 

39 

25.175 

19.668 

21 

7.299 

6.703 

40 

26.483 

I 20.690 

22 

8.011 

6.259 





This equation shows that if the table of properties is used to 
determine the capacity of a beam for a certain span which will be 
within the plaster limits of deflection, the product of the fibre 
strain and the span must be kept constant for a given depth 
of bcam- 

For example, if it is desired to know the fibi*e strain allowable 
for a 12-inch beam on an effective span of 30''-0" (30 feet 0 inches) 
such that the plaster deflection will not be exceeded, we have 


773,333 X 6 
30 X 12 


= 12 , 888 . 


85 
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The formula can be more quickly used by comparison with 
the limiting span given by the table of safe loads. In the above 
case the limit of span for a 12-inch beam and a fibre strain of 
16,000 lbs. is 24 feet; therefore the required 

/ = |i. X 16,000 
= 12,800 

Lateral Deflection of Beams. When beams are used for long 
spans, and the construction is such that no support against side 
deflection is given, the beam will not safely carry the full load 


TABLE IV. 

Reduction in Values of Allowable Fibre Stress and Safe Loads for Shapes Used as 
Beams Due to Lateral Flexure. 


Katio of Span 
or Distance 
between 
Lateral 

glT»lT»/^V»+0 

t -• • V , ■- 

Allowable tTnit 
Stress for Direct 
Pleiure in 
Extreme Fibre. 

Proportion of 

Tabular Safe 

Load to be 

Used. 

Ratio of Span 1 
or Distance 
between 
Lateral 
Supports to 
Flange Width. 

Allowablo Unit 
Stress for Direct 
Flexure in 
Extreme Fibre. 

i 

Proportion of 

Tabular Saiie 

Load to be 

Used 

1 

1> 

P 

1 - 
l> 

P 

19.37 

ICOOO 

1.0 

65 

7474 

.47 

20 

15882 

.97 

70 

6835 

.43 

25 

14897 

.93 

75 

6261 

.30 

30 

13846 

.87 

80 

5745 

.36 

35 

12781 

.80 

85 

6281 

,33 

40 

11739 

.73 

90 

4865 

.30' 

45 

10746 

.67 

95 

4595 

.29 

60 

9818 

.61 

100 

4154 

.26 

65 j 

8963 

.56 

105 

3850 

.24 

60 1 

8182 

.51 

110 

3576 

.22 


indicated by the table, and the allowable fibre stress in t(q> flange 
must be rednc<‘.d. If such a beam were to carry a load giving 
a libre stress of 10,000 lbs. per square imfli, the actual fibre stress 
in top flange would be greater than this, as the di^fltadion sideways 
would tend to distort the top flange and thus cause the additional 
stresses. 

The length of beam winch it is customary to consi<lor capabhj 
of safely carrying tbo full calculated load without Bux)poi‘t against 
lateral deflection, is twcMity times the flange width. reason 

for thus fixing upon twenty times the flange width may bo stum 
from the following: 
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In any consideration of a reduction of stress in a compression 
member due to bending caused by its unsupx'>orted length, it is 
customary to use Gordon’s formula for the safe stress in columns. 
This formula is : 


f 



For columns with fixed ends, a =86,000. Now if we consider a 
5-ineh 9.75-lb, I, the moment of inertia about the neutral axis 
coincident with center line of web is F == 1.23. 

Since the moment of inertia of the web alone about this axis 
is inappreciable, the moment of inertia of each flange about this 
axis is I'/ = -fiS* 

The area of the whole section — 2.87 sq. in. 

Web= .86 

Area of flanges = 2.01 sq. in. 

Area'of one flange = 1.00 ‘'* 

Therefore = .62 

r'f == .79 

The width of flange for 6-in. beam = S = 3.00 in. 

h 

Therefore r\ 

Tests on full-sized columns show that columns of length less 
than ninety times the radius of gyration bend little if any under 
their load. It is, therefore, generally customary to disregard the 
efl^ect of bending for lengths less than 90 radii. If in the above 
we multiply, we have : 

90 r\ = 23.7 h 

The assumption that with full fibre stress of 16,000 lbs. 
beams should be supported at distances not greater than twenty 
times the flange width, brings the limit xinder that of 90 radii. 

Approximately the same result will be obtained if we assume 
the flange a rectangle and substitute 18,000 for / in Gordan’s 

formula. Theiir2==|^ 

"l8,000 

and/e = - . 

^“3,000 6* 
and for Z = 20 5 

4 = 16,900. 
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TABLE V. 

Properties of I-Beams. 
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8 
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1 
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$ 
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^ 59^ <D 
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*■ f 



100 ou 

so 41 

0 751 

7.254 

2:380 3 

48.3G 


24 

95 00 

S7 04 

0.(i‘)2 

7 19*3 

s;i09 <1 

4T.10 

B 1 

««) 00 

S<4 47 

0 031 

7 131 

‘S2:i9 1 

45 70 



So 00 

S.9 m) 

0 .970 

7 070 

‘SiOS 0 

44 35 



so.oo 

23.32 

0.600 

7.000 

2087.9 

42.86 



100 00 

SO 41 

0 .881 

7 28.1 

10,95 8 

.92 G5 

B 2 

20 

05 00 

sr 01 

0 810 

7 ‘SU» 

1<|0<1 8 

50 78 

00 on 

‘Sfi 17 

0 737 

7 1 57 

1.997 8 

48 08 



S5 00 

S9 00 

0 {.n'i 

7 M<.‘i 

l.j9H 7 

47 ‘25 



so.oo 

23.73 

O 600 

7.000 

1466.6 

46.81 


20 

75 On 

31 M<» 

0 910 

n 5590 

1*308 9 

30 25 

B 3 

70 00 

20 .9M 

0 97.9 

<> 

131M M 

29 C4 



05.00 

ISOS 

0.500 

0.260 

1169.6 

27.86 



70 00 

20 .90 

0.710 

0 299 

931 ‘3 

24 C2 

BSO 

IS 

09 0(i 

10. IS 

0 o.‘ir 

0 1.7 

tS81 .-7 

2‘1 IT 

no no 

17 05 


0 095 

811 8 




65.00 

15.93 

0.460 

6.000 

795.6 

21.19 



100 00 

SO n 

1.181 

G 771 

999 .9 

50 98 


15 

95 on 

527 01 

1.085 

C 075 

873 9 

48 o; 

E 4 

90 00 

520 47 

0 08r 

0 .977 

BrlTy 4 

45 91 



85 00 

529 (H) 

0 889 

0 170 

817 8 

453 .97 



80.00 

23.81 

0.810 

0.400 

795.5 

41.76 



75 00 

2*2 00 

0 

0 29:2 

C91 2 

30 (58 

B 5 

15 

70. tM) 

S0..9‘.l 

0 781 

0 IMl 

«o:i 0 

21). (JO 

05 (X] 

10 T2 

0 <i.s<; 

(» OiMJ 

0.30 9 

Sr 42 



60.00 

17.07 

0.690 

0.000 

609.0 

26.96 



n.9.00 

Ifi 18 

0 tr.o 

.9 7 15 

511 0 

17 <10 

B 7 

16 

no. on 

11 71 

0 .9.98 

5 <518 

4s:i. I 

n*> 01 


45 00 

i:t 31 

0 4<J0 

5 .9.99 

4.9,9 8 

1.9 01) 



42.00 

12.48 

0.410 

6.600 

441.7 

14.G2 



99.00 

10. IK 

0 h‘is 

r> (U‘3 

.131 0 

17. 10 

B 8 

12 

50 00 

11 711 

0 099 

5 1.H'.) 

39‘J.:J 

10.12 

4.9 W 

1.‘) Sli 

0 ,9;<» 

.9..800 

28.9.7 

11,8') 



40,00 

11.84 

0.400 

6.250 

208.9 

18.81 

B O 

12 

3.9 00 

10.29 

0 130 

.9.080 

2*98 .8 

10 07 


31,60 

9.20 

0.360 

5.000 

216.8 

9.60 



40.00 

31 70 

0.710 

.o.otn) 

1,98 7 

0 ,90 

Bll 

10 

,35.00 

10 SO 

0.00*2 

4 9.9*3 

110.1 

8..9*3 


30.00 

8 H‘2 

0 4,9.9 

4 895 

i:ll 52 

7 0.9 



26.00j 

7.37 

0.310 

4.660 

122.1 

C.BO 



85.00 

10.20 

0 7513 

4 7752 

m 8 

7 ;u 

B13 

O 

80.(HJ 

8 HS 

0 500 

4.009 

JMl 9 

0 1*3 


1 

3.9.00, 

7 35 

0 100 

4 410 

91 9 

5 <1.9 



21.00 

0,31 

0.200 

4.330 

84.9 

6.1G 



35.,90 

7 ,90 

o.,9n 

4.S71 

0.8 4 j 

4.7.9 

B 16 

8 

33 Of) 

0 •JO { 

0 4 19 

-1.179 

01 5 

4. O'.) 

1 

,30..90 

0 0.3 

0.:!.'i7 

4.0H7 

09 0 

4 <17 



18.00 

6.33 

0.270 

4.000 

60,9 

3.78 



SO <10 

n 88 

0, 1.98 

3,8«5S 

4*3.‘3 

:i.2i 

B17 

7 

IT ,'»i) 

,9 1.9 

0 I5,VI 

3 «'<«:5 

:J9 ‘3 

*2.91 



16.00 

4.42 

0.1 i50 

3.000 

3G.*2 

2.07 

B 10 


17 ‘19 

,9.07 

0 4'. .9 

3..97.9 

530 53 

2 20 

e 

' 11 7.9 

4 ;;i 

<) ;s.V2 

3. 1,9*2 

*31 M 

5* M‘) 



1 12.26 

0.01 

0.230 

3.330 

21.8 

1.86 

B21 


11.7.9 

I,.81 

0 .9<V1 

.3 5391 

1.9. *3 

a 70 

6 

as 35 

.3,<i0 

0,3.91 

3.117 

t:i 0 

a .4.9 


* 

B.76 

2.87 

0.210 

3.000 

12.1 

1.28 



ao.no 

3.00 

0.410 

S.R80 

7.1 

1 1.01 

B2ii 

fci 

0.9m 

S.V.) 

0.3:17 

2.80,’ 

e}.7 

0 9,1 


8.50 

2 50 

O.Sf!3 

iS 7;t;5 

r. 1 

0 S.9 



7.60 

2.21 

0.100 

2.000 

6.0 

0.77 

B77 


7..90 

p O’! 

0.301 

2.5*31 

2 9 

<1 l)M 


0 ,90 

T'oj 

0.203 

2.453;t 

I 2 7 

0..9:i 



6.60 

1.03 

0.170 

2.330 

55. 

! 

0.40 


r 


0 00 
<) 09 
9 30 
9 01 
9.40 
7 5t> 
7 oS 

7 or 

7 77 
7.80 
r>.s 

7 70 

7.83 
0 no 
(5 79 
fl 01 

7.07 
5 .93 
r. r.9 
.9 (i3 
.9 73 
6.78 
,9 CO 
.9 08 
r> tr 
6.87 
n 03 
.9 73 
r> K7 
6.05 
4 15 
4 .94 
4 0.9 
4.77 
4 71 

4.83 
n 07 
3 77 
3 '.K> 

4.07 

;!.2a 

3. 11) 
3 .94 
S.07 
3 03 
.3.09 
.3.17 
3.ii7 
3. OS 
3 *1*0 
ti.ao 


2.40 

3.87 

1.9J 

2.05 
a .93 
a. 0.9 

1 .99 
1.04 
a ift 
a.ao. 
Ia5>;f 


38 


Web at Center 




STEEL CONSTRUCTION 


TABLE V — (Continued.) 

Properties of I-Beams. 
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TABLE V —(Continued.) 

Properties of Carnegie Trough Plates. 
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TABLE V—(Concluded.) 
Properties of Carnegie Corrugated Plates. 
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Area of Section 
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Table IV gives values to use for fil)re stress, and })vop()rtu)ns 
of full tabular load to use for tlilTerciit 
ratios of length and width of llange. 

Tables V, VI, VII, and VIII give 
the properties of the luiniiuum and 
niaxiuuim sizes of the different shai)(‘s. 
These tables are for use in choosing 
sections to meet the recpiireineiits t)f 
design, and will be explained in dt^tail 
in the pages that treat of design of 
niemlHu-s in which lhes<^ shaj>es arc uscid. 

These different functions e-tui all lit*, 
calculated quite ri‘adily, and it is impor¬ 
tant that the student should undtirstand 
liow these are obtained- For this pni- 
poso the fun(‘,tions of a 24-inch 80~lh. 
beam will be worked out. The sec¬ 
tion of the beam is here shown. 
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BEAM SECTION 
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Area. 

Web=(24—2.284; X .50 =10.858 

Manges = — X 3.25 X 4 = 11 323 

1.142 X .50 X 2 = 1.142 12.465 

23.323 

It will be noticed tliat tlie areas of fillets and the x*nundiugs of outer 
edges are disregarded. These closely offset each other. 


Weight per Foot. 

Since a cubic foot of steel weighs 490 Ib-s., the weight per 
foot of a 24-inch beam should be: 


23.323 X 12 
1,728 


X 490 = 79.831 lbs. 


Moment oe Inertia About Axis 1—1. 

I of web (taken to outside of flanges) = x J X 24^ = 576. 

1' of flange about an axis through center of gravity of each 
component element. 

Axis A A = i X 3.25 X .60® X 4 = .234 
1 

Axis B B = ^ X 3.26 (1.142 — .60)® = ~ 

I of flanges about axis 1 — 1 =I'-f-Ax 4;cZ®. 

Where A = urea of flanges, and d = ciistaiice from center of 
gravity of flange to axis 1 — 1, as in the above, the flanges being 
divided into two figures, the d in each case will be the distance 
from 1 — 1 to the center of gravity of that figure. 

I = 3.26 X .60 X 11.702 x 4 = 1,067.762 

3.26 X .271 X 11.22® X 4.= 443.505 1,511.548 

576. 


2,087.648 



TABLE VI. 

Properties of Chaaaels, 
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TABLE VII. 

Properties of Standard and Special Angles. 
Angles witli Equal Legs. 
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Angles marked* are special, 
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TABLE Vll—(Concluded.) 
Propertfes of Standard and Special Angles. 
Angles tv-ith. Equal Legs. 
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The section modulus about the axis 2-2 is not given in the 
tables, because the beam is rarely used in this position. It can, 
however, be readily obtained : 


S 


2 2 


42.538 

12 


= 3.55 


Coefficient op Strength. This also is a constant 
employed to express the relations of certain values used in tlie 

calculation of stresses in beams. As stated before, M = 

y 

Also M = I for a load uniformly distributed, where p =r 
the load per linear foot, and I = the length of span in feet. As 
the value of Min the first equation is in incli-poiinds, in tlio second 
also it must be in inch-pounds in order to equate them. 


Therefore, M 

y « 


, 8M ^ 

and — pl^ = C; 


also, = pr- = 0. 

This valu3 of C is convenient to use, because from it the 
total load that a beam can safely carry on a given span is readily 
obtained. 


L ?= total load =? pi 

if 

To derive the value of Cl in tins ease of tlic< beam alK>vo, if we 
uso/ = llJ.OUO, vvliuih is tho value for Imihliiiurs, tlum 


C = ^ ^ 


10,000 X 2,087.r>4« 
■ 12 X 12 


= i,8r)r)„'>98. 
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If the value of I given in the table of Carnegie’s Handbook 
be used, the value of C will check with that above. 

The value of C, however, varies as much as or more than this 
in the different books, because a slight variation in I is multiplied 
to such an extent. The variation, however, is of no practical 
importance in deducing the value of L, as the variation here is 
slight. 

C', the coefficient derived by using the value of /= lf2,500, 
becomes 


8 X 12,500 X 2,087.548 
12 X 12 

= 1,449,685. 

Equal Radii of Gvratiox. The last column in the table 
is very useful in the designing of members that are desired to be 
equally strong against bending both in the direeton of the web and 
in a direction at right angles to it, as this column gives the dis¬ 
tance apart that beams must be spaced to accomplish this result. 

Since the radius of gyration depends on the moment of inertia 
and the area of section, it follows that for a given section, the 
radius of gyration about two axes will be proportional to their 
moments of inertia about these axes. 

If d equals the distance in inches from the center of each 
beam to the neutral axis of the two, in order to obtain Ij.^ = 13.3 
we must have Ij.i = l 2_2 + A 

In the above case 

^ 1-1 — 12-2= 2,087.548—42.538 = 23.323 d^ 

7 _* AOJ5.OI 
V 23.323 

= 9.35 


Therefore D = 2 X 9.35 = 18.70. 
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TABLE VIll. 

Properties ol Standard and Special Angies. 

Angles with Unequal Legs. 
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BUILDING LAWS AND SPECIFICATIONS. 

The requirements of the Building Departments of different 
cities vary considerably as regards detail matters, but are in quite 
close agreement on points affecting the strength of structures. 

The following table shows the requirements of different cities 
as regards live loads : 


TABLE IX. 

Building Laws: —Specified Live Loads in Different Classes of Buildings. 
The loads speciHed are exoluaive of weight of materials of construetion. 


Class of Structuke. 

New York, 
1900. 

Chicago, 

1900. 

PniLAnKLPniA, 

1903. 

Boston, 

1900. 

Load, Pounds per Square Poot. 

Dwellings, Apartment 
Houses,Hotels, and Lodg¬ 
ing Houses. 

(50 

40 

70 

50 

Office Buildings—First 

Floor . 

Office Buildings — a b 0 Ve 
First Floor. 

100 

75 

100 

100 

100 

100 

100 

100 

Schools — except Assembly 
Halls.: 

75 



80 

Assembly Halls. 

00 

100 

120 

3.50 

^Stores’for Heavy Materi¬ 
als; Warehouses and Fac¬ 
tories ; Drill Sheds . . . 

150 

100 

150 

250 

Eoofs. 

50 

25 


2rr 


^Minimum loads as above. 


Buildings used for si^eoial imrposos to liave loads spociliotl accordingly. 

Table X indicates allowable unit-stresses. 
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TABLE X. 


Allowable Unit-stresses for Steel and Cast Iron, as Specified by Building Laws o’j 

Different Cities. 

Stiesse<? are for Mechmii Steel unless otherwise noted 



Xinv VoRK ' 
19'>u 

CirrcAGO, 

1900 

PirinAfU Li-uiA, 
1903 

1 

1 1909. 

1 Pounds per Square Iiudi 

Extreme Jihre stress-lie ad Iny 

1 


1 


Rolled steel beams and 


i 

1 


shapes .... 

1G,000 ; 

16,000 

16 000 

16,000 

Iltdled steel pins, rivets . . 

20,000 1 

! 22,500 


22.500 

Riveted steel beams — Com- 


1 

i 


pression. 




12,000 

Riveted steel beams — Ten- 


i 

f 


sion net section. 

14,000 1 


1 

15,000 

Cast iron — Compression . 

16,000 

10.000 


8,000 

Cast iron—Tension - . . 

3,000 

2,500 

3,750 1 

2,500 

Compression, Direct. 





Rolled steel. 

16,000 


10,250 


('ast steel. 

16,000 


10,250 


Wrousfht iron. 

12,000 


; 12.500 


Cast iron (in short blocks) . 

16,000 


! 17,500 


Steel pins and rivets (bear- 





ingj. 

20,000 

20,000 


18,000 

Wroiigbt-iron pins and 





iivets (bearing). 

15,000 

15,000 


15,000 

Tension^ Dir.ect. 





Rolled steel. 

16,000 

15,000 

10,250 

15,000 


10,000 

15,000 

10,250 


Wrought iron. 

12,000 

12,000 

12,600 

12,000 

Cast iron.. . 

3,000 




Shear. 





Steel web jjlates. 

9,000 



10,000 

Steel shop rivets and pins . 

10,000 

10,000 

10,000 

10,000 

Steel Held rivets and pins . 

8,000 

10,000 

10,000 

10,000 

Steel field bolts. 

7,000 


10,000 

10,000 

Wrought-iron web i3late . . 

6,000 



0,000 

Wroiight-iron shoi> rivets 





and pins. 

7,500 

7,500 

7,500 

9,000 

Wroiight-iron field rivets 





and pins. 

6,000 

7,500 

7,600 

9,000 

Wrought-iron field bolts . . 

5,500 


7,600 

9,000 

Cast iron. 

3,000 




Columns. 





Mild steel ^. 

15,200-68 - 

15,000 

14,500 

12,000 


R 


T 5 

1 + ^ 





^ l;5,500 R3 


Medium steel*. 

15,200-58 — 

15,000 

10,250 

12,000 


’ R 


1 . 





ll.iJ00R2 


Wrought iron. 

14,000-80 - 

12,000 

12,600 

10,000 


R 


1+ 





15,000 R2 


Cast iron. 

11,300-30 - 

10,000 

17,500 



' R 

1 


1+ 





^ 400 R3 



Reduced by GlorcloiiL's or otber approved form ulce for varying ratios of length, to radius 
nf gyration. 
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Table XI gives, in pounds per square inch, the transverse 
strength of various stone constructions, brick and concrete: 


TABLE XI. 


Transverse Strength of Stone, Brick and Concrete. 


JSxtreme fibre stress — Bending. 

POUNDS PER SQUARE INCH. 

Blue stone flagging 

2,200 

Granite 

• 1,700 

Limestone 

900 

Marble 

2,000 

Slate 

1,800 

Sandstone 

810 

Brick 

725 

Concrete, 1 Port, oem., 2 sand, 6 gravel 

200 

Concrete, 1 Port, cem., 3 sand, 7 gravel 

115 


Where walls are carried by the steel framing at each story, 
they are generally made 12 inches thick. 

The question of height also affects the requireinents of fire 
resistance and prevention. Thei*e is considerable variation on 
these points. Table XII gives the requirements of some cities 
whose laws are explicit as to the thickness of walls and the pro¬ 
portion of loads on columns and foundations. 


TABLE XII. 

Thickness in Inches of Brick Bearing; Walls. Chicago L.aw, 1901. 


STORIES 

BASE¬ 

MENT 

1st 

2a 

3d 

4th 

Sth 

6th 

7th 

8tli 

Uth 

loth 

nth 

12 th 

One-Story 

12 

12 












Two-stoi*y 

16 

12 

12 











Three-story 

16 

16 

12 

12 










Four-story 

20 

20 

16 

16 

12 , 









Five-story 

24 

20 

20 

16 

16 

16 








Six-story 

24 

20 

20 

20 

16 

16 

10 







Seven-story 

24 

20 

20 

20 

20 

10 

16 

16 






Eight-story 

24 

24 

24 

20 

20 

20 

16 

16 

16 





Kiue-story 

28 

24 

24 

24 

20 

20 

20 

16 

16 

16 




Ten-story 

28 

28 

28 

24 

24 

24 

20 

20 

20 

16 

16 



Eleven-story 

28 

28 

28 

24 

24 

24 

20 

20 

20 

16 

i 16 

16 


Twelve-story 

32 

28 

28 

28 

24 

24 

24 

20 

20 

20 

16 

16 

16 


The above, table applies to manufacturing and stoi'age buildings. 
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TABLE XII, A. 


Thickness in Inches of Brick Bearing: Walls. Philadelphia Law, 1903. 


STORIES 

1st 

2d 

3d 

4th 

Sth 

oth 

7th 

8th 

9th 

loth 

11th 

O De-story 

13 











Two-story 

13 

13 










Tliree-story 

18 

13 

13 









Four-story 

18 

18 

13 

13 








Five-story 

22 

18 

18 

13 

13 







Six-story 

22 

22 

18 

18 

13 

13 






Seven-story 

26 

22 

22 

18 

18 

13 

13 





Eight-story 

26 

26 

22 

22 

18 

18 

13 

13 




Nine-story 

30 

26 

20 

22 

22 

18 

1 18 

13 

13 



Ten-story 

30 

80 

26 

26 

22 

22 

18 

18 

13 

13 


Eleven-story 

34 

SO 

SO 

26 

26 

22 

22 

18 

18 

13 

13 

Twelve-story 

34 

34 

SO 

30 

26 

26 

22 

22 

IS 

18 

13 


The above api3lies to exterior and bearing walls of business, 
manufacturing and public buildings, 75 feet to 125 feet long and 
26 feet or less clear span. Hotels and tenements may have the 
3 upper stories 13 inches and -following down from that in the 
sequence given above. 


TABLE XII, B. 


SA.FE BeARISQ VAt,XTES IN 
TONS PER SQ FT, ON DIF¬ 
FERENT Classes of 
Masonry. 

New York, 
1900. 

Chicaoo, 

1901. 

Philadelphia, 

1903. 

Boston, 

1900. 

G-ranite (Dressed Joints) 
in Portland Cement 

— 1 

7 

.1— 

60 

Rubble Stonework in 
Lime Mortar 

5 

— 

6 

— 

Rubble Stonewoi-k in 
Cement Mortar 

10 

— 

10 

— 

Brickwork in Lime 
‘Moi'tar 

8 


1 ^ 

8 

Brickwork in Cement 
Mortar 

15 

.9 

15 

15 

Concrete, Portland 
Cement 

16 

4 

15 

— 

Hardwood Piles CMax¬ 
imum on Head of Pile)] 

— 

26 

20 

1 

— 


The minimum thickness of curtain walls in Chicago is 12 
inches, in Philadelphia 13 inches, and in New York 12 inches for 
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the upper 75 feet of wall, and 4 inches thicker for each 60 feet 
below. The New York law allows curtain walls to be built be¬ 
tween piers or steel columns and not supported on steel girders, 
provided the thickness is 12 inches for the upper 60 feet and 4 
inches thicker for each GO feet below. 

Wind Pressure. The Philadelphia law requires 30 pounds 
per square foot to l)e calculated on exposed surfaces of isolated 
buildings ; on office buildings 25 pounds per square foot at the 10 th 
floors, and 2i pounds less for each stoiy below and 2^-pounds more 
for each story above, up to a maximum of 35 pounds. 

The combined stress in columns resulting from direct ver¬ 
tical loads and the bending due to the above wind pressures is 
allowed to be 30 per cent above that for simply direct loading by 
the Philadelphia law, and 50 per cent ])y the New York law. 

In New York no allowance for wind is required if the build¬ 
ing is under 150 feet high, and this height does not exceed four 
times the average width of base. For buildings other than as above, 
30 pounds per square foot of wind 2 )resslire from the ground to the 
top is required. The overturning moment of the wind is not 
allowed to be more than 75 per cent of the moment of stability of 
the structure. 

Reduction in Live Load on Columns, Girders and Foun¬ 
dations. The PhiladelpliiaJaw allows the live loads used in (vdeu- 
ialion of columns, girders and foundations for all but inaiiuf.icturiiig 
and storage buildings, to be reduced by the following formula: 

a: = 100 — i A ; 

5 

and for light manufacturing buildings, by 

100 —Ja, 

where x — the percentage of live load to be used, and A = the 
area siq^ported. 

The New York law requires the full live load of roof and top 
floor, but allows a reduction in cacdi succe'oding lower floor of 5 jior 
cent until this reductioTi amounts to 60 per cent of the live load; 
not less than 60 per cent of the live load may bo ust-d in the cal¬ 
culations. For foundations not less than 60 per cent of the live 
load may be used. 
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Where the laws limit the height to about 125 feet, the 
requirements as regards fire protection and prevention are in 
general that the floors and. roofs shall be constructed of steel 
beams and girders, between which shall be sprung arches of tile 
or terra cotta or brick, or approved systems of concrete and con¬ 
crete-steel. All weight-bearing metal of every descrijption shall 
be covered wdth non-combustible materials, generally terra cotta 
or wire lath and cement. 

In buildings of this height the use of wood for top floors laid 
in wood screeds imbedded in concrete, and of wood for all interior 
finish, is allowed. 

Under the New York City law, buildings above sixteen stories 
are required to have their upper stories constructed entirely with¬ 
out wood, except that the so-called fireproof "vvood may be used 
for interior finish. The floors, however, are required to be of tile 
or mosaic or other non-combustible material, the wood top floor 
not being allowed. 

Factor of Safety. The foregoing values represent the work¬ 
ing values of unit-stresses. They are in all cases a certain percent¬ 
age of the strains under which rupture would occur. This 
percentage varies with the different classes of material and the 
different classes of structure. The quotient of the breaking strain 
divided by the allowable or safe working strain is called the “ factor 
of safety.” 

Steel and wrought iron used in ordinary building construction 
nave generally a factor of safety of 4 ; timber, generally from 6 to 
8; cast iron, from G to 10 ; stone from 10 to 15. 

One reason for this variation in factors of safety for different 
materials is that certain materials vary more than others in their 
internal structure; and accordingly in some cases there is a greater 
likelihoqd than in others, of an individual piece being below the 
average strength. Other reasons are found in the varying effects 
of time. Changes in internal structure are likely to occur in the 
lapse of years; and there is the further liability that through 
ignorance or carelessness the structure may be put to uses for 
which it was never designed- 

All these conditions make it unwise from the standpoint of 
safety to use working stresses very near the breaking strains. 
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Steel is less subject to yariation than other materials. Timber 
has knots, shakes, dry rot, and other defects not readily discerned, 
which may greatly reduce its strength below the average. Cast 
iron has blow-holes, cracks, flaws, internal strains, and unequally 
distributed metal, which are of frequent occurrence and very 



Fig 40 

likely to escape detection. Stone has seams, crac^k flaws, and a 
structure not uniform, all causing uncertainty* and variations iJi 
the strength of individual pieces. 

THE STEEL FRAME. 

The problems to be met with in laying out the steel frame 
and designing the different elements are never twice the same but, 





UNION BANK BUILDING, WINNIPEG, MANITOBA, CANADA 

View taken July 3, 1904, nine months after work of excavation was started. Work is heing" done 
on upper and lower floors at the same time. See also illustrations on page 42. 














- 
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UNION BANK BUILDING. WINNIPEG. MANITOBA, CANADA 

Darling & Pearson, ArcMtects, Toronto; E. C. & B. M. Shankland, Engineers, Chicago 
View taken July 20, 1904, ten months after the work of excavation was started. 

See also page 43, 
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vaxy with, each special ease^. Different classes of building's give 
rise to different problems. Some of the problems that iiaturallj^ 
arise can best be explained by going in detail through the process 
of framing the office building of which plans are given in Eigs. 40 
to 45. 



Floor Plan 
Fig. 4L 


In a building of this character, and in all buildings where the 
interior arrangement is a feature, the designer of the steel frame 
must base his work on the architect’s layout. For this purpose it 
is most convenient, in making the pi-eliminary study and provisional 
framing plans, to use tracing paper, which can be placed over the 
architect’s plans, and thus show the position of all partitions, ducts, 
etc*' 
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Position of Columns* Tli© first st6p is tli© location of 
columns. These should always come in partitions, unless there is 
a large hall or like arrangement in which the columns form a 
feature. The position of the columns fixes, of course, the spans of 
beams and girders. A stifier frame will result if the beams run 



Typical Floor Plan. 

Fig. 42. 


transverse to the longest dimension of the building. The girde 
spans should also be shorter than the beam spans, as otherwisi 
excessive depth of girders will be required. In general, therefore 
the shortest spacing of columns should be in the direction of tin 
longest dimension of the building. The length of tliis space wi^l 
be limited also by the allowable depth of floor system. For an 
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office building like the one in qviestion, it is not desirable to use 
beams or girders over 12 inclies deep, if possible to avoid it. 
With the above points in mind, ^ve shall see what application can 
be made in this case. 



First Floor Framing 

ScAi£ F,g.43 

O 5 10 IS 20 Z3 
LL521J_!_L , ■ ■ J_1 


Columns cannot l^e located by a study of one floor plan alom 
for the arrangement of rooms may vary from floor to floor so as i 
result in columns interfering with doorways or not coming in par¬ 
titions in certain floors, though being well adapted to the condi¬ 
tions of some one floor* ' The natuxul method, therefore, is to take 
the typical floor plan, and then adapt the locations indicated 
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therein to the conditions on the other floors. Figs. 40, 41 and 
42 show respectively the basement, first floor, and tj^pical floor 
plans of an office building; and Figs. 48, 4 p 8A, and 44 show 
respectively the framing plans of the first and second floors and 
t 3 "pical floor. 



Second Floor Framing 


As will be seen, the lot is approximately of the same dimen¬ 
sions on each side. There is only one right angle, however, and 
one side has two very obtuse angles. Th% interior arrangement of 
the typical floor shows a line of offices on three sides, with corri 
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dors parallel on tliese sides, and an interior conrt. Tiie effect of 
this court is to divide the building into sections whose loiigest 
dimensions are parallel to the exposed walls. 

♦ As before noted, it is an advantage for the sake of stiffness to 
have the girders run parallel with the long sides. It is fiirtJier an 
advantage, and generally necessary, to have the girders of shorter 
sphn than the beams, and to have them come in partitions, as 
otherwise they would drop below the ceiling or necessitate a deep 
floor system. The first step, therefore, is to see whether the col¬ 
umns can be so placed as to meet all of these requirements. In 
the present instance it will be seen that in general this can be done 
by placing the columns at the intersections of office and corridor 
partitions or walls. This is, moreover, a desirable location for the 
columns, because with the thin partitions used in offices, a column 
cannot be fireproofed without exceeding the thickness of partitions, 
and it is not desirable to have a large column casing in the middle 
of a partition. 

The next point to fix is the exact position of the column cen¬ 
ter with relation to the partitions and the direction of the column 
web. The corridor side should finish flush with the corridor par¬ 
tition, leaving the necessary casing to come in the offices. Tliere- 
fore the center must come a little inside of the center of the corri¬ 
dor partition, and coincident with the center of the cross partition. 
As the greatest dimension of the column is generally in the direc¬ 
tion of the web, it will be necessary to set this in less if the web 
runs parallel with the corridor partitions and with the girders. 
This is generally the best arrangement also for the framing for, in 
the npper sections of columns, the distance between the flanges of 
the columns might not be sufficient to allow the girder to frame 
into the web, while the beams, having a smaller flange, would take 
less room. An exception to the above consideration would be the 
case of double-beam girders, as will be explained later. 

The location and position of t^he main interior columns having 
thus beto fixed, the next thing is to locate any columns whose 
position is dependent on special features. 

In this case, the corridor arrangement along the side E F at 
the end near D E makes it necessary to place this column out of 
the line of the others. On this account and to avoid excessive 





exterior columns naturully are placed at tjie intersections of olhce 
partitions with exterior walls, because here the piers in the walls 
will be the widest. The distance from the ashlar line to the cen¬ 
ter of wall columns will vary in accordance with the architectural 
details. There should never be less than four inches of masonry 
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outside of the extreme corner of column, and, if possible, there 
should be more. 

Better protection is given the steel if the web is parallel with 
the face of the wall. Where the spandrel beams and lintels are 
very eceentiic, however, this j^osition results in an uiieconoinical 
section, since the weakest axis of the column is thus exposed to 
the greatest bending. Some designers, however, prefer to sacrifice 
economy in this regard to more efficient protection of the metal. 

The columns thus having been placed according to the arrange¬ 
ment of the typical floor plan, tlie next step is to see if any 
cha.nges are necessary to suit the conditions of the floors that differ 
from this plan, namel 3 ^ the basement and the first floor. From a 
glance at the plan of the first floor, it will be seen that two of the 
columns come down in the main entrance in such position as to 
obstiuct the passageway. It would be possible to change the posi¬ 
tion of these columns and make them conform to the first floor 
partitions. The results in the floors above, however, would not be 
so good, and therefore additional columns will be provided, sup¬ 
porting girders at the second-floor level to carry the columns above. 
A similar provision must be made for the wall column over the 
entrance. 

The position of the columns thus having been determined, 
the girders follow hj joining the centers of columns. The spacing 
of the beams witl be determined largely by the system of floor 
arch to be used, except that, unless entirely impossible, a beam 
should come at each column in ovder to give lateral stiffness to the 
frame. If a terra cotta arch is to be used, the spacing should not 
be much over six feet at the maximum, and an arrangement such 
as shown would result- If a system of concrete arches .is to be 
adopted, in which spans of eight or nine feet can be safely used, 
the beams betw'een the two lines of girders on each side of the 
corridors may be omitted. 

Certain other points should be noted in regard to this framing 
plan, as follows: 

Columns sliould not be put at tbe front of elevators, as tliey cannot be 
fireproofed without interfering with the clear space of shaft. 

Beams, if possible, should always be framed at right angles to girders, 
as oblique connections are expensive. 
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Beams should not frame oif center of column if a little change in either 
column or heam can obviate it. 

Columns on adjacent and parallel lines should, as far as possible, be 
opposite each other; that is, a beam framed to the center of one column 
should also meet the center of the next line of columns. 

Spacing and spans of beams should be such as to develop their full 
strength. 

Fig. 45 sliows the wall sections and the resulting spandrel 
sections and wall girders. Not all the points that arise in such a 
framing can here be brought out; but from the foregoing the gen¬ 
eral method of treatment of sncli problems should be clear. 

In buildings of a different character, many different and often 
more complex conditions will arise. The student, however, must 
always hear in mind that it is tlie duty of the designer to grasp 
fully the architect’s details, and so to arrange liis framing as to 
conform in all respects tliereto, unless such details can themselves 
be changed more readily and to better advantage. It is essential 
for the designer to see not only what has already been determined, 
but what details will result when cei’tain features are fully worked 
out; and in all his work the economy of design and framing, and 
the efficiency of the framework, should he kept constantly in mind. 

The framing shown for this building is more especially 
designed for concrete floor arches. In cases where terra cotta 
arches are used, a somewhat* different arrangement of columns 
would probably be made. 

In the framing of floors and roofs, it is not always advisable 
to use the exact sizes and weights of beams that are theoretically 
required; there are often a number of practical considerations 
affecting the determination. As previously stated, standard sizes 
and weights should be used wherever practicable, as ordinarily 
these sizes are much more readily obtainable than others. If the 
general framing consists of standard sizes, and a few beams are so 
loaded as to require special sizes and weights, some change should 
if possible be made to avoid this, as to insist on the furnishing of 
a few beams of odd weights might cause serious delay in the 
deliveiy. In certain cases where it is of special advantage to make 
nearly all the beams of special weights, arrangements might be 
made for the delivery, provided the tonnage is largo. * 

Beams, as far as possible, should be of the same size through- 

































60 


STEEL CONSTRUCTIOiT 


out a given floor, since for a level ceiling different depths of beam 
would require furring, or extra filling, or special arches. Wliere 
girders of short span cany the ends of heavy beams or girders, it 
is sometimes necessary to use an uneconomical section in order to 
get a sufficient connection. For instance, a 10-inch beam might 
be strong enough to carry a 15-inch beam; but the connection 
could not be made to a 10-inch beam, and therefore a larger sized 
beam or channel should be used. In general the girder should be 
of the same depth as the beam, or nearly so, unless the beam i*ests 
on top cff the girder or is hung below it. 

In some cases also — generally where small beams are used — 
the standard end connections are not sufficient, and ifc may be 
necessary to use larger sizes. 

Other special conditions of framing are likely to arise, affect¬ 
ing the determination of sizes, so that the designer, in lajdiig out 
the framing, should keep in mind the feasibility of making 2 >roper 
connections for framing the different parts. 

When very heavy loads are carried by beams of short span, it 
is necessary to use a section that will have sufficient web area to 
prevent buckling. In such cases, the sizes of beams may be deter¬ 
mined by this condition rather than by the beading moment caused 
by the loads. The tendency to cripple is greatest at the ejuls, and 
ill order to determine the allowable fiber strain, a in edification of 
the column formula as given below is apiilicable. The total shear 
should be considered to be carried by the web, and the combination of 
horizontal and vertical shear is equivalent to tension and compres¬ 
sion forces acting at an angle of 45® with the axis of beam. The 
unsupported length in the formula, therefore, is the length between 
fillets on a line making 45® with the axis of beam. 

Tie Rods. Tie rods should be spaced at distances not greater 
than twenty times the width of flange of floor Learns. 

The size of tie rods is generally f inch diameter. An apiiroxi- 
mate determination of the required size can be made by use of the 
following formula giving the thrust from floor arche^j ; 

T — 3 W TJ 
2R ’ 

where T = thrust in pounds per linear foot of arch, 
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W r= load per square foot on arch, 

L = span of arch in feet, 

R = rise (in inches) of segmental arch, or effective depth of 
fiat areh.**^ 

The spacing of the tie rods being known, the total strain on 
the rods is the thrust, as above, multiplied bv the spacing. Divid¬ 
ing this by the safe fiber strain of 15,00U lbs. per square inch, 
gives the net area of rods, or the area at the root of threads, and 
thus determines the diameter of the required rod. 

The spacing of tie rods is generalh* determined by pi'oviding 
one or more lines dividing into equal spacing the length of beams 
between connections or walls. The number of lines is determined 
by tlie necessity of keeping the thrust within the capacity of a cer¬ 
tain size rod, or by the limit of twentj^ times the flange width, 

FIREPROOF AND FIRE-RESISTING 
MATERIALS- 

The functions of fire-resisting materials are threefold: 

1. To carry loads, 

2. To j)rotect all structural steel. 

3. To serve as noncombustible partitions or barriers. 

The specific uses are, in general, the following: 

1. Floor and Roof Arches. 

2. Ceilings. 

3. Partitions. 

4. Protection for flanges and webs of beams and girders. 

5. Protection of columns, doors, and shutters. 

Fireproof materials, as generally used at the present time, 
comprise burnt clay in various forms, concrete, and plaster. 

Fire-resisting materials, in general, comprise specially treated 
wood, certain kinds of paint, asbestos paper or other special kinds 
of paper, and metal-covered wood. 

By “effective depth of flat arch” is meant the depth from 
top of arch to bottom of beam. 




FLOOR AND ROOF ARCHE5. 

Terra Cotta Floor and Roof Arches. Bnrnt-day prodncts 
iuclnde i>rick, porous tile, and hard or dense tile. The latter two 
are commonly called terra cotta. 
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The use of brick for arches betTreen beams has, in building 
constru(*tion ut least, become almost entirely obsolete. This is due 
largely to the saving in weight accomplished by the use of other 
in ateiials, • 

When brick arches are used, the construction is generally of 
the type shown by Plate II, Fig. 50. There is a patented system 
employing brick, which is known as the Rapp system. The bricks 
here do not form a self-supporting arch, but are laid flat between 
metal ribs or bars that spring between the steel beams. 

The use of burnt clay products in fireproof floor and roof 
arches and coverings of steel, is confined almost exclusively to 
terra cotta, and this is generall}^ of the porous type. 

Porous terra cotta is lighter and less brittle than the hard 
tile, with probably almost equal strength. It is made by mixing 
straw with the clay, the mass, when burned, being thus left por¬ 
ous. It also has the advantage that it can be nailed into, this 
being especially important in roof and partition blocks. 

Terra cotta arches were formerly laid up exclusively with the 
ribs running parallel to the beams, this construction being known 
as side construction. Tests have shown, however, that the arch 
is stronger wlien laid with the ribs at right angles to the beams; 
and this practice, w^hich is known as end construction, is now 
generally followed. Figs. 46 ,and 47 (Plate II) show these two 
constructions. 

An inspection of these cuts will show that the arch consists 
of a key, voussoirs, and skew-back, shaped similarly to the prac¬ 
tice in masonry arches. It should be noticed that in side construc¬ 
tion a special-shaped skew-back is required, which is not the case 
ill end construction. Also notice that the piece protecting the 
flange of the beam is separate from the arcli, this being a simpler 
plan than to shape the skew-back so as to cover the flange. 

The arch is generally two inches lower than the bottom of 
tbe beam, thus coming flush with the flange piece and giving a 
flush surface for plastering. 

The construction of wood screeds and top flooring shown is 
almost always used, although other forms could be adopted. Tlie 
filling between the screeds should always be a cement concrete, 
aithousrh cinders instead of stone may be used. 



64 


STEEL CONSTBXJCTION 


The method of supporting the centers for these arches is 
shown by Fig. 53. This construe tic ii allows the centers to be 
readily removed after the arch has set. 




C£NTER6 roR TZRRA COT'm FLOOR ARCH. 

F)^.5a. 


The practice, in general, is to, set the floor arches, from 
the lower floors up, after the steel frame has been carried sev(n*al 
stories in advance. Centers used in the lower floors can be used 
in the upper floors unless the work progresses very rapidly. 

Roof arches, on account of the pitch of the beams, have to be 
furred down to give a level ceiling. Terra cotta blocks may bo 
used for this purpose, as shown in Fig. 48. It is, however, quite 
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as common, even where terra cotta floor and roof arches are used, 
to form the furred-down ceilings of small channels or angles 
covered with some form of wire lath. A construction of this sort 
is shown in Fig. 53. 

For ordinary loads it is not usually’ necessary to calculate the 



53 

depth of terra cotta arch required. The spans are kept within 
certain limits, and for such limits the proper depth of arch has 
been well determined. 

The following spans and depths of arches represent the 
accepted practice: 
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When it is desired to use terra cotta construction for heavy loads, such 
as ia stores and warehouses, a segmental arch is used, generally 4 inches or 
6 inches in thickness. The filling above the aich consists of concrete, either 
of stone or cinders. This construction is illustrated in Fig. 49. While 
greater spans are sometimes used, the best practice does not exceed about 
8 feet, and is preferably limited to 6 feet. 

Quastavino Arch. This is a dome or yault system especially 
adapted for long spans where a flat ceiling effect is not essential, 
as in churches, libraries, halls, etc. 

The construction consists of several layers of hard tile one 
inch thick, laid breaking joints. The number of layers varies with 
the conditions, but generally does not exceed four. The rise of 
the dome is ordinarily not great; and it rests either between walls 
or, in some eases, on liea'vy girders. The tiles are usually set 
in Portland cement, except that the first course is set in plaster in 
oraer to obtain a quick set and to dispense with a certain amount 
of centering. 

This system is almost always installed under a guarantee from 
the company controlling the patents, as to its efficiency and adap¬ 
tability to tbe conditions of the special case in hand. 

Concrete-Steel Floor and Roof Arches. The types of concrete 
and conci'ete-steel arches are becoming more numerous each day, 
and only a few will here be discussed. They may be separated 
primarily into flat arches and segmental arches. In most of the 
systems of the flat-arch construction, the action is essentially that 
of a beam of concrete in which metal is embedded on the low side 
to increase the tensile strength, since concrete is not as strong 
in tension as in compression. In a few of the systems, however, 
when sx^ecial-shaped bars are used at short intervals, the effect 
is more that of a simple slab of concrete siii)i)oited by these hais, 
which act as small beams between the main floor beams. 

In the segmental form of concrete construction, the metal, 
where used, is generally intended more as a permanent center for 
forming the arch and for supporiing it until the concrete has fully 
set, when the concrete is .considered as taking the load in(le 2 )end- 
ently of the steel center. 

Plate III shows types of Expanded Metal Floor Construction. 
Fig. 64 shows System No. 9, which can be adapted to long spanSo 
It is not the general type of this form of construction, however, as 





GUARANTY BUILDING (NOW CALLED PRUDENTIAL BUILDING), BUFFALO, N. Y. 
Adler & Sullivan, Architects. 

For Detail of Lower Portion, See Opposite Page. 
































DETAIL OF LOWER PORTION OF GUARANTY BUILDING (NOW CALLED PRUDENTIAL BUILDING). BUFFALO. N- Y. 

Adler & Sullivan, Architects- The Terra-Cotta Column Enveloping the Sti'uctural Steel Column Is Treated in a Very Decora¬ 
tive and Original Way. 

HeiiroducecL by Courtesy of the J^OT'thivestem Terra-Cotta Company. 
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the types shown below are generally considered more economical. In 
calculating the ^yeigllt of the construction, the arch should be figured 


For Systems Xos.S A^’D 5 
A B C.E H. same as tor No 9. 
jD slab of cinder concrete 
K = angles for support of ceiling 
Li = expanded metal ceilinsa 
M= hangers securing ceiling angles to 
beams 

N = slab of cinder concrete on expanded 
metal, protecting webs of oeanis 
0 = solid concrete haunch protecting 
web of beams. 

For System No 7. 

A B.C.D E same as for No. 9. 

O = solid concrete slab. 


Foe System No. 9. 

A == top floor 

B = under floor 

C = wood screeds or sleepers. 

D=arch, cinder conciete. 
n — expanded metal sheet 
F = cinder concrete filling around and 
under screeds 

G=a expanded metal w'rapping of flanges 
to receive screened plaster as shown 
at P 

H= main floor beam 
J == tie rods 

Fou System No 8. 

A.B.C X>.E F G.H. same as for No, 9. 

For System No. 4. 

A.B.C D E H same as for No. 9, 




separat-ely from the filling above, as the weights of these are different. 
The same remark applies to all systems of concrete construction. 
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Fig. 55 shows Sj'stem No. 3, with a furred-clown ceiling to 
give a level effect. This ceiling is not a necessary part of the 
construction, and is often omitted. The space between ceiling and 
floor slab is available for running of pipes, wires, etc.; and, to avoid 
punching of beams when such use is made of this space, the ceiling 
is dropped below the flanges of beams far enough to allow the 
passage of pi^DCS, wires, etc. 

This system is the one generally employed for long spans and 
heavy loads, as it gives the most substantial protection to the steel, 
and has certain elements of strength not possessed by the other 
systems, as follows: The haunches, besides protecting the webs 
and flanges of beams, shorten in effect the span of floor slab, and 
stiffen the floor beams against side deflection. The sheets of 
expanded metal can be made in effect continuous over all floor 
beams, and, because of this, the whole construction from wall to 
wall acts ,together, and has the advantage of a continuous beam 
over a number of supports. While it is impossible to state exactly 
what this advantage amounts to, on account of the uncertainty 
of actual conditions conforming to the theoretical assumption, 
it is probably safe to assume that the strains in the floor slab of a 
construction having this continuous feature would not be more 
than three-quarters as much as if the slabs were discontinuous. 
It should be noted in the above system, that if the furred ceiling 
is omitted the lower flanges of the beams are protected in a man¬ 
ner similar to that shown for System No. 7. 

System No. 5, illustrated by Fig. 56, differs from System 
No. 3 only in the method of protecting the beam. As will be seen, 
all the strength affox’ded by the haunch is lost ]>y this construction, 
and, as will also be seen later from results of tests, the protection 
is much less fireproof. 

Fig. 57 shows System No. 4, which differs from System No. 3 
only in the entire omission of protection to floor beams. This 
system is therefore only semi-fireproof,*and in event of fire in the 
story below would not be to any degree fireproof. It is sometimes 
used with a fireproof suspended ceiling, but, as will be noted 
further on, tests of such ceilings have shown them to be of ques¬ 
tionable value as efficient lire bsirriers. 

Fig. 58 shows System No. 8. TJiis system is chiefly adapted 
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to light loads on moderately long spans where the beams are in 
general not over 8 inches or 9 inches deep. In such cases, where 
a flush ceiling is desired, it is sometimes more economical than 
some of the other systems vrith suspended ceiling. 

It has the disadvantage from the standpoint of strength, that 
the load all comes on the lower flanges of beams, and further, ,that 
all continuous effect of slabs is lost. 

Fig. 59 shows System No 7, really a modification of System 
]So. 3, ill which, in ordei' to save depth, the floor slab is flush with 
the tox3 of the floor beams. 

This system also has the disadvantage of loss of continuous 
effect. In all the above systems, the more common sjjans are 
from 5 feet to 8 feet. The companj' controlling the patents, how¬ 
ever, claim to be able with safety to adapt the construction to 
longer spans, even under heavy loads. 

In thesfe systems, as well as in all others where a cinder filling 
is used on top of the floor slab, tbe filling should contain some 
cement, as otherwise ‘the unneutralized cinders are likely to cause 
corrosion of the steel. 

The depth of floor slab varies with the load and the span, but 
is ordinarily 3 inches or 4 inches for loads under 200 lbs. and 
spans of about 5 feet. 

Plate IV illustrates types of the Roebling system of fireproof 
floors. Fig. 60 shows System A, Type 1,'which consists in general 
of a wire center sprung between the bottom flanges of floor beams, 
and upon which is deposited cinder concrete in the form of a seg¬ 
mental arch whose top is flush 'with the top of floor beams. 

The strength of this system is considered to be simply that of 
the concrete arch, the wire center being intended merely for the 
support of the concrete until it has set, and for a permanent center 
upon which plastering may be apj^lied directly if a level ceiling is 
not desired. This construction, Type 2, is slio'wn in Fig. 61. It 
is further claimed for this wire centering, that it facilitates the 
more rapid drying out of the concrete on account of exposing both 
surfaces to the air and allowing the surplus water to drip thro'ugh. 

Fig. 62 shows System B, Type 1. This is a flat arch con- 
struction in which the steel members are bars spaced generally 
about sixteen inches center to center, the concrete slab being 
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usually inches thick. The bars are tied transversely by wire 
rods spaced about 24 inches on centers and serving to keep the 
bars in place. 

Plate IV Types of Roebling System of Floor Construction 

Fob System B. Fob System A 

A.B O H R S K L saiue as for Sys A. A= top floor. 

D = cinder concrete floox slab 13 =■ under floor. 

M == flat bar 2" x il," or 2" x C ~ wood screeds or sleepers 

N =r solid casing oiC cinder concrete. D — cinder conci ote arch 

O = 2" x .1'/flat bar. 13 = steel rod (/,/' or woven into wire 

lathing 
J — tie rods 

iSTote:—Items ll.K O apply to Typel only II — mam flooi beams. 

Item L applies to Types 1 and 4 only S = plaster ceiling 

R=. supporting wiie. 

K= clamp su ppoi ting coiling. 

Li = steel lodh woven into wire lathing. 
Note: — Items R.K.L apply to Type 1 only. 



Fig. 63, Type 2, shows tlio coiistructioii wlu‘n tlic suspended 
ceiling is omitted. This suspended (toiling dees not always have 
the bars shown hy Fig, G2, but for short spans has simply the wire 
cloth stiffened by rods woven into it. 
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Fig. 64 siiows System B, Type 4, in which the floor slab rests 
on the loner flanges, and the cinder filling is flush with the top of 
floor beams. This system makes some saving in depth, but is 
open to Certain objections, one being the disadvantage from the 
standpoint of strength of resting the slabs on the bottom flanges, 
and another the absence of all protection or covering for tlie top 
flanges of beams. 

The practice of the company controlling the patents is to 
deposit the concrete without any tamping such as is ordinarily 
done in the other systems. The claim is made that this method 
insures lightness and preserves its porosity, being thus rendered 
less subject to the effects of changes of temperature, either of the 
outer air or under exposure to fire and water. 

As will be noted later. Professor Norton advocates tamping of 
concrete to eliminate the possibility of voids, which he shows to 
be always productive of corrosion of the steel. 

Plate V shows types of the Columbian system of fireproof 
floors. This is a flat arch system, in which the action of the floor 
slab is that of a concrete beam with imbedded steel bars. 

No continuous effect such as is had in some of the other 
systems exists in this construction, except as the whole construction 
of girders and their easing may he considered as acting together. 
The connection of the bars to the floor beams, and the concrete 
being finished flush with tops of beams, make the slab, considered 
by itself, discontinuous. 

In the systems previously described, cinder concrete is almost 
invariably employed. In this system, however, the use of stone 
concrete is the prevailing practice. 

The different types vary only in the size and spacing of the 
imbedded bare (and consequently in the thickness of the concrete 
slab) and in the connection of these bars to the beams. This con¬ 
nection is made either by means of small angles bolted to the webs 
of floor beams similarly to regular beam framing, or by means of 
hangers resting on the top flanges of beams. The former construc¬ 
tion is used only when special stiffness of the frame is required, as 
in high building construction. 

The thickness of slab is generally inches more than depth 
of bar. The spacing of bars and of beams varies with the required 
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loads. The different cuts shown ^Pigs. 65, 66, and 67) give 
reasonable limits. In any case of special loading, however, or of 
spans exceeding 8 feet, tests should be made in accordance with 
the required conditions. 

The explanations given on the plate, in connection with the 
above, should make the constraetion clear. It is Llie practice, in 
using tins system, to have slots in the brick walls at the level of 
the floor slabs, and the bars and concrete slabs are tlien imbedded 
in these slots. This gives a good tie for the walls, and obviates 
the necessity of channels against the walls to take tlie floor con¬ 
struction. 

In all calculations of the weight of dead loads where this 
system is used, the difference in weight between cinder concrete 
and stone concrete must be noted. 

Pigs. b9 and / 0 show the Ransoino system of floor construc¬ 
tion. This is one of the oldest forms of coucrete-steel construc¬ 
tion, and is used in various modified forms to suit different 
conditions. It consists of steel rods imbedded in the tension side 
of the concrete; these rods run transversely to the beams, and are 
tied longitudinally by other rods. In some forms of this construc¬ 
tion, steel girders and beams are replaced by deop concrete btaxms 
with'heavy rods imbedded therein, and tied at intervals by 
U-shaped rods. The use of rods in the concrete makes possible 
many varied forms of construction, but S[)ecial knowledge of the 
subject is required to design such forms properly, 

The use of concrete and concrete-steel auilics cannot as yet 
be considered to be very geuerid. They are of compjiratively 
recent introduction; and altliougli, in the aggregate, they may 
now be said to be extensively used, there is as yet no one form 
recognized as standard. 

The Building Departments of all cities have required special 
and severe tests of full-sized arches to bo made bedbre allowing 
any of the types to bo used in construction. Tliexr use is xin- 
doubtedly gi'owing, and perhaps more espc*cially in wandiouses 
and buildings of heavy constimciion. There uj‘e eentain features 
not possessed by any of the coiicndo sysUnns; and this fact, prob¬ 
ably, to a great degree explains the inoregcmeral use of toiTa cotta 
in office buildings. 



STEEL CONsTIiUCTIOX 


lypes cfCc*^rPb;an3y5tem of Fireproof F/oors 

^/* Systems 

f~or 3ys/sm A j / 

e?i^*e/Saiv */riesAi/eef 
//T Carreras p£ant^£-^ ’J 

zA Sf'je-rufiS 
fcj'Sysfefrr ^ 

G = ConCfviAe Cct/mo sAa6 

Ai* J '/-tAimi/ Aot /mA^e/ed. 
A/7 CcerCAe/e 

//o^ , JT^ems t>o^ mtn-^tcrteef 
oiove oresaette as 
‘S/j-fitrtr n&i / 

A ‘ fep floor 
&’a.n&er fhcr 

(y*u.ood ^c-ecdc a-s/ecftrs 
lO’Ctncfer ccncrHr f, 

A "if" ^'•■-■- h-^deaf-h of bar} 

ff ribbed .Jj r~ c^S ^ -~^es-aeJ m CcncrH-e 

Gf’ceiS^f of ftc or bea >rsi 

A*’^/abproAechnf f/arfes of fUcr beairrs 

XJ- ay/ee Caritfcbif^f bars i-a f/acr benn^s 
b-iair- fhcr beams 
' Lortceahc/ anchors held^/ab 

'rtf. 

rAQODs 








Ca/ctJrr/f/arr 'OysMm A/s^’ 


Section pcffalkl wifh beams 


C*«/»«eo*/tf/r 0 / CtJlm^an 
Arit--rsA'i •A-oiffneA Wa//f 


M 


Oolctmjif/cfT Sys/ew A/si,-^ 
■Ay. 67 


Soctm paratfeK mih bem^ 

















STEEL CONSTRUCTION 


74 


As noted previously, an important feature in buildings not 
having heavy masonry walls is lateral stiffness, Tiiis lateral stiff¬ 
ness is secured to a considerable degree by the floor construction, 
which serves to tie together all x)arts of the framing at each floor 
level, and also to distribute the lateral strain tliroughout the 
whole. 

A floor construction which fills the whole depth of the beams 
is therefore better calculated to perform this fuiictiun than one 
that is comparatively thin, as are nearly all the concrete systems. 
Another important consideration concerns uniformity of material. 
Porous terra cotta, like brick, is easily inspected, and a nearly 
uniform product can thus be secured. The strength of concrete 
and of concrete steel, however, detjends very largely upon the use 
of proper materials and their proper mixing and laying in place, 
Much greater variation is here likely to occur, and consequently a 
greater or less uncertainty as regards uniformity of results must 
exist. Another point to be considered is the necessity of having 
the concrete or concrete-steel system installed by the company 
controlling it, this resulting from the patents covering each form 
of construction. A still further advantage is the flush ceiling 
given by the terra cotta blocks. 

There are, however, numerous points to be cited in favor of 
many of these systems. The genei*al trend of investigation and 
discussion is toward a better understanding of the possibilities of 
concrete steel in general, and this will not unlikely result in the 
future in its more extensive use. 

It is not the general practice of individual designers to calcu¬ 
late the required depth of slab in the above systems, except in 
the case of unusual loads and spans; but, as in the case of the 
terra cotta systems, tests have largely dotennined the limits of 
spans for various deptlis and loads. As comjrelo arches are used 
for heavy as well as light loads, however, there is nc(‘d of more 
exapt data than is at i:)resent available to (icterrnino tlieir capacities 
under different conditions. 

It cannot be said to be conservative practice in any of these 
systems, much to exceed eight feet in the sx)jui of the arches. 
The uncertainty of the quality of tlio concrete when cindei''S are 
used, and the uncertainty of set in the deeper slabs, together with 
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numerous other circumstances likely to affect the uniformity of 
the product, make it important to keep vrithiii this limit. 

As will be seen from the illustiMtions, nearly all the concrete 
systems require furring down to give level ceiling. 

Tests of Floor and Roof Arches. The most severe test of 
all forms of floor arch is their exposure to fire and water when 
underload. As above stated, one of the functions — and a very 
important one — of all fireproof materials is to protect the steel; 
for, if the covering falls off, leaving the steel niem])ers exposed to 
fire, the steel frame will soon fail. None of the materials used — 
terra cotta or concrete in its various forms — are of themselves 

"Types of Ransome Floor Construction 



combustible. Failure, when it oceui’S, is generally due to expan¬ 
sion and contraction caused respectively by the intense heat and 
by the chilling effect of the sti'eam of water, and to the force of 
the stream knocking off pieces that become loosened. All of the 
systems in general use have been subjected to very severe tests of 
this character without collapse, before being accepted by the Jiiffer- 
ent Building Departments; and it is probable that when failure 
occurs in actual building fires it is due to constructive defects, 
there having been less careful construction than was used in the 
tests. 
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If only a small portion of the covering becomes detached, the 
whole adjacent construction is seriously endangered. It will be 
seen from the above that failure is more likely to start fiom de¬ 
tachment of the covering of beams, girders and columns, than in 
the body of the arch, and such covering should be as substantial 
as possible. For this reason, haunches or a solid filling protecting 
the beams and girders are preferable to wire lath wrapping the 
same. 

Tests by the New York City Building Department on floors 
having suspended ceilings of wire latli and plaster, resulted in 
these ceilings being entirely destroyed. Tests of different floor 
systems having rolled shapes, such as T bars or special-sliaped 
bars, imbedded in the concrete slabs, showed less deflection under 
loading than when a mesh of wire rods was used. 

The method of testing floor arches is as follows: A brick 
furnace is built, having a large combustion chamber, the top being 
of the floor construction to be tested. This arch is loaded with a 
load generally four times that specified. Measurements of defl(‘C- 
tions due to the stress are taken before and after exposure to the 
fire. During this exposure, whicli generally lasts several hours, a 
temperature of from 2,000° to 2,500° is constantly maintained. 
After some time a stream of water from a fire nozzle is played on 
the arch, thus reproducing as nearly as practicable actual condi¬ 
tions. 

After the test, the load is removed to see how great the per¬ 
manent deflection is. It is important in all loading tests to have 
the load applied over a definite area, so that the exact load per 
square foot can be determined, and to a.void all possibility of any 
portion of the load hearing on the bi*ams instcjad of on the arch. 

The results of some tests made under different conditions are 
here given: 

A fire and water test on a concrete expanded nu‘.tal floor 
composed of 6|- inches of concrete mixed in the proportion of 1 
part Portland cement, 2 parts sand, and 5 parts ciihlers, showed 
the following results: 

The slab was of a typo similar to that shown in Fig. 55, tlu^ 
beams being 20-inch beams and si)aced about 12 f(X't cenivr to 
center, with the span of the beams about 17 feet 0 iiuihes. 
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The slab of concrete loaded ^Yith 400 ]bs.x">er sfxuare foot, 
under which it deflecte 1 .30 indi. Under exposure to fire the 
deflection increased to inches, and when the test was completed 
remained about 3® inches. 

A portion of the under side of the concrete v-'as knocked Oj^ 
by the stream of water. 

A test under x)ractically the same conditions as above was 
made of tlie Columbian system. The type was of the general form 
shown by bigs. C5 to <>7. The spans were the same as above. The 
slab was 8^ inches in depth, Conan»-od of 1 part Portland cement, 
2^- parts sand, and 5 parts broken stone. The bars were 6-inch 
bais, spaced 2 feet center to center, and fastened to the beams by 
angles. 

A portion of the girder covering consisted of maekite blocks 
plastered, another portion consisting of 2-inch cinder concrete, the 
latter being the regular construction. There were also two 8dnch 
I-beams set up, one covered with cinder concrete to 9 inches X 
13 inches; the other covered with hollow bricks to 12 inches X 
16 inches, giving 4 inches covering. 

The floor was first loaded with 1,000 lbs. per square foot, 
under which it deflected |- inch. The load was then reduced to 
400 lbs. per square foot, and the fire test commenced. This lasted 
for two and one-quarter horn's at a maximum temperature of 1,700®. 
A stream of water was then applied for 4|- minutes, and afterwards 
another fire test given of 38 minutes and a second stream of water 
applied. The floor, at the end of the test, showed a deflection of 
1| inches. The cinder concrete beam and column coverings were 
not materially damaged. The maekite covering was entirely 
stripped off, and the hollow brick column covering badly damaged. 
No apparent injury occurred in the floor slab. After this test the 
floor was loaded up to 1,G60 lbs. per square foot, at which point 
the walls of the test house made it necessary to stop. The net 
deflection under this load was 1| inches. A few cracks appeared 
in the ceiling under this load, most of them being parallel to the 
bars.* 

Numerous other tests of expanded metal floors on shorter 

*N‘ote. a detailed report of these tests is given in Engineering Nem, 
June 27, and November 21, 1901. 
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spans have shown satisfactory results. Eor spans up to 8 feet and 
loads under 200 lbs. per square foot, which are the ordinary condi¬ 
tions, the cinder concrete shows safe results. Beyond these limits 
special tests should be made in each ease. 

A valuable review of the effects of a practical fire test on 
terra cotta and concrete floor construction, is given in the discussion 
bearing on the fire that occiuTed in the Horne Building, Pittsburg, 
Penn., May 3, 1897, which was published in Enghieerinij 
May 20 and 27, and July 1 and 15, in that year. An account 
of a second fire which occurred on April 7, 1900, is published 
in the same periodical under dates of A] 3 ril 12 and April 26, 
1900. 

The New York Building Department conducted a test on 
three arches of the Guastaviao t 3 qje, each 3 feet in length. The 
spans were 6 feet, 10 feet, and 12 feet. The 6.foot span was 
composed of 2 courses of tile, making a thickness of ‘2|- inches; 
the 10-foot siDan, of four com*ses, giving 6 inches thickness; and 
the 12-foot span, of three courses, with a total thickness of 3| 
inches. All were leveled up with concrete. The 6-foot span 
carried 2,500 lbs. per squai’O foot, and sliowed a maximum deflcc- 
tian of .13 inch. Tlie 10-foot span carried 3,600 lbs. per square 
foot, with a deflection of .19 inch. The 12-foot span canned 3,125 
lbs. per square foot, with a maximum deflection of .32 inch. 

This was a simple loading test with t application of fire and 
water. 

Tests of porous terra cotta hollow tile arclies have not been 
so numerous, especially iiu<ler liro exposure. Table XIII gives 
the results of a scries of tests to determine breaking loads of differ¬ 
ent arches, and is taken from the Trausaciions of ilic American 
Society of Civil Engineers, Nos. XXXIV and XXXV, of 181)5 
and 1896. 

In terra cotta arches as in concrete arches, groat variations in 
strength will result from varying tkjgreCKS of llioroughncHs in con¬ 
struction. Tliese arches should tilwi\ys bo s(‘t in ceineiii and care¬ 
fully keyed, and the use of broken blocks should be avoided. 
Settlement in arches of this typo often results in cracks in tile or 
mosaic floors. 
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table Xlli. 


Breakifis Loads of Hollow Tile Arches. 
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In the above table the following abbreviations are used: — end 

construction; “b'’ — side* construction; “'ll” — hard clay: “Porous”_ 

porous terra cotta; “Dis.”—distributed load; “ Cen.” —concentrated loa^ 
at center; “Port.” — Portland cement; “ N. M ” — no mortar. 

The loads per square foot in the above table were obtained by dividin. 
the total load by the superficial area of the arch in square feet. The hori 
zontal thrusts were obtained by the regular formulae; for central loads thesi 
are double the thrusts for distributed loads of the same weight- 

SELECTION OF SYSTEH. 

Not any single system, piobably, would be used in all cases 
even if tbe designer Avere to choose without any conditions affect*' 
ing his selection. Some systems are naturally better adapted than 
others to certain conditions. Practically there are always a num¬ 
ber of considerations affecting the choice. No attempt will he 
made here to specify to what conditions certain systems are better 
adapted than others, as this is largely a matter of judgment at the 
present time. The considerations in general, however, are as 
follows: 

Light or heavy live loads; dead weight of construction, and con- 
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sequent spacing of beams mid span of arches ; necessity of lateral 
stiffness in floor system; possibility of using paneled ceiling, and 
consequent increase of clear height story between beams ; necessity 
of flush ceiling, and comparative advantage of solid floor system 
and furred-down ceiling; protection afforded webs and flanges of 
beams and girders by different systems ; possibility of omitting tie 
rods and a certain amount of steel in some systems ; corrosive 
effects on steel under certain conditions ; ra])idity of eonstruction, 
and allowance for final setting of concrete under certain conditions 
of weather and of heavy loadings; and comparative cost of differ¬ 
ent systems. 

The weights of hollow-tile floor arches and firei>roof materials, in 
pounds ])er square foot, are given in the following table: 


table XIV. 

Weights of Hollow-Tile Floor Arches and Fireproof riaterlals. 
KND OOIsrHTIUr<’TIOX, I«’I. VT AIKMI 
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Y^oi^ht per Square Foot. 

6 feet to 6 feet. 

8 inches. 

27 pounds. 

6 « 7 « 

9 « 

29 “ 

7 << 8 

10 « 

83 « 

8 « 9 « 

12 « 

88 « 


110 LI 4 OW msicic Fou M.\r 


Width of Span Betwoon Bciuu:i. 


l>«’|/th of AMi 

Woi^rht jwr Square Ff. t. 

3 feet 6 inches to 4 feet 0 inche'i. 

6 inches. 

27 pounds. 

4 « 0 

If 

4 “ 6 

fi 

7 

If 

29 

It 

4 “ 0 

it 

6 « 0 

it 

8 

<1 

82 

It 

fi “ 6 

it 

6 “■ 0 

u 

9 

tt 

86 

tl 

6 « 0 

it 

6 « 6 

it 

10 

tt 

89 

ft 

6 “ 6 

it 

7 “ 0 

tt 

12 

If 

44 

ft 


PAUTITIONS 


Hollow Brick (Clayl I’ai tit ions 

u tt it u 

i( If fi Cl 

<1 If If Cl 

Cl If If Cl 

<1 « it a 

Porous Tenra’Cotta Partitions 

It fC it Cl 

<1 If If If * I 

it it If tt 

II ft If If 


Thickness 
2 Indies. 
8 « 

4 « 

6 « 

6 ** 

8 « 

8 « 

4 « 

6 

6 « 

8 « 


Woit^hL hiiuuro Iihjl 

tl iHlUUdh. 

14 « 


19 « 

20 « 

27 « 

16 « 
19 ** 

22 " 

28 « 
88 « 
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PAUTiTioxs — (Conciuded). 

1 . 

"irfeigot par Sjuaro Foot. 

Po 

roas Terra-Cotta Furring 
“ “ Roofing 

it it it 

ti it it 

« <* Ceiling 

U u 

tt U it 

2 inches. 

2 « 

8 « 

4 « 

2 “ 

3 « 

4 « 

8 pounds. 

12 “ 

15 « 

19 « 

11 « 

15 » 

19 » 

6: 

o 

inch Segmental Arches, 27 pounds per square foot. 


2 inch Porous Terra-Cotta Partition, 8 pounds per square foot 
The following fable shows the safe loads in pounds per square 
foot uniformly distributed for hollow-tile floor arches. 

TABLE XV. 


Safe Loads Uniformly Distributed for Hollow-Tile Arches. 


Deptb. 

EfectiTe 

Dop-Ui. 

It 

Spaa of Arch ia Feet« L 

Inches. 

laches. 

3 

4 

( 5 

f 6 

7 

8 

6 

8.6 

836 

189 

121 




7 

4.6 

429 

242 

1 155 




8 

5.6 

528 

294 

ISS 

131 



9 

6.6 

618 

347 

222 1 

154 

113 


10 

7.6 

709 

399 

255 

177 

i 130 

100 

12 

9.6 

£9C 

504 

823 1 

224 

165 

1 126 


Cross Joads in pounds per square foot, ^ e ,3nclading weight of arch Safety 
factor 6, 


Fomiaal ! 
SsptL 

EScfftive 

Septh. 

-R 

Weight 
cf Arch 
per 

Square Foot. 


spaa of Arch in Feet *-» Z«. 


Inches. 

Inches. 

Pounds. 

3 

4 

5 

6 

7 

8 

6 

3.6 

27 

309 

162 

94 




7 

4.6 

29 

400 

213 

126 




8 

5.6 

82 

481 

262 

156 

99 



9 

6.6 

36 

580 

811 

186 

118 

77 

i 

10 

7.6 

89 

670 

360 

216 

136 

91 

61 

12 

9.6 

44 

852 

460 

279 

o 

00 

121 

82 


Net loads in pounds per square foot, i. e.. excluding weight of arch. Safety factor, 8. 
The formula for safe load used in computing the above table is as 
follows : 

W = 840 J 

in which 

W = Safe load per square foot of arch in pounds. 

R = Rise or effective depth of arch in inches. 

L = Span of arch in feet. 
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Ill the followin«j table are given, in pountls per stiuare foot, 
the weights of various materials used in llo<n- and roof construction s 


TABLE XVI. 

Weights of Materials in Floor and R'^of Construction. 


SUBSTAKCIS 


AVnr.AGTjS WFIGHT IN 
POUMJS 

PEU fot^UARE FOOT. 


Corrugated galvanized iron, No 20 
Copper, 16-02. — Standing beam 
Glass, t iucU thick 

Cinder-couorete hllinc:, 2-inch, including screeds 
Plaster, on wood lath (no iurring) 

Plaster, on metal lath (no furring) 

Plaster ceiling, suspended 
Poofing felt, 2 layers _ . _ . 

Slate, ^ inch thick, S inches double lap 
Shingles, ^ to weather 
Gravel composition roof, 5 ply 

Tin, IX , / , . V 

Tiles, 6t In. X 10.t in. — Tji in. to weather (plain) 
Tiles, 10| in. X in, — 7 \ in. to weather (Spanish) 

Trusses—Spans under ^>0 teet 
Trusses — Spans 60 to 75 foot 
Trusses —Spans 76 to 100 feet 


2] 

12 

6 to 8 

e to 10 

15 to 20 

h 

2 

0 to 11 


17 

9 

in to 41 
4.‘, to <4 
C4 to 8 


PARTITIONS, 

Partitions are of terra cotta, wire lath and plaster, and plaster 
board. 

Illustrations of each are given by Plate VI, Figs* 71 to 77. 
The element of strength does not form a specially important con¬ 
sideration here, as the standard forms aro all snilable. The higlier 
the partition the thicker should be the blocks or the heavier the 
metal frame of the partition. Some of the forms are more sound¬ 
proof than others and probably more lirejiroof, but the use of any 
one is generally determined by architectural oondilious. The terra 
cotta blocks come in standard sizes given ])y the table below, which 
also gives the dead weight i)er square foot. The constructions 
around openings in partitions, for the different ty}>os of partition., 
are also shown by the above-meniionc<l cuts. 

Partitions are never as fireproof as the fioor system in a build¬ 
ing. If a form of construction could be used which would prevent 
the spread of fire througli partitions, the modern office building 
would probably be in truth absolutely, instead of merely in name; 
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FUte VI ^yp^s of Fireproof Partition Construction 



ROEBLING 4iN. WIRE LATH SOLID PARTITION 



ROEBLlNG 2IN. WIRE LATH SOLID PARTITION. 



COLUMBIAN PARTiTlOM 



PLASTER COMFOSfTION CEMENT COMPOSITION 

BLOCK PARTITION. BLOCK PARTITION. 

fireproof. The great cause of the weakness of fire resistance lies 
not in the partitions themselves so much as in the fact that open¬ 
ings for doors, windows, flues, etc., have to be made in them. The 
arrangement in a great many buildings makes it necessary, in order 
to give light in the corridors, to have a line of windows in the 
partitions between them and the offices. In addition there are the 




84 


STEEL CONSTRUCTION 


doors into the corridors, and the doors and sometimes windows in 
partitions ])et\veen offices. 

As stated under ‘‘Building Laws and Specifications,” some 
cities require in buildings of a certain height the use of metal or of 
fireju’oof wood for all inside casings and finish, but in the majority 
of buildings these are not used. Sometimes, also, where plaster and 
wire lath partitions are used, the plaster does not extend to the floor, 
and the baseboard has therefore no fireproof protection back of it. 

All these features indicate the real elements of weakness in a 
fireproof partition, and on the extent to which they can be elim¬ 
inated depends the utility of the partition as a fire barrier. As 
will be shown later under the paragraphs on tests, there are a 
number of forms of partition that can be used, which,, if without 
openings and the other features mentioned above, will form effec¬ 
tual barriers. The extent to which fireproof wood and metal over¬ 
come the difficulties will be discussed farther on. 

Tests of Partitions. Numerous fire and water tests of 
partitions have been made by ^ ae New York Building Department. 
The partitions were of four general classes :—(1) plaster blocks ; 
(2) blocks of cinder concrete; (8) wire lath plastered with King’s 
Windsor cement; (4) blocks of terra cotta. The partitions were 
24 inches and 3 inches thick. All were exposed to as nearly the 
same conditions as possible, which were:—a temperature gradually 
increasing from 500° to 1,700° during a period of one hour, and 
then a stream of water applied foi* 2|- minutes. Fire in no case 
passed through any of the structures; but in the case of most 
of the plaster block partitions the blocks were calcined slightly in 
certain places, anti the water had washed portions away to a depth 
of inch to 1| inches. 

The wire lath parti *ons did not show calcination, but showed 
to a greater or less extent the effect of the water in the washing 
away in spots of the browning coat and scratch coat, and, in some 
instances, in exposure of the lath or metal supports. 

The cinder-concrete blocks showed no effect of either fire or 
water, except that the plaster on the blocks was stripped off. 

The terra cotta blocks stood much the same as the concrete, 
no effect appearing in tlie partitions themselves, but the plaster 
being stripped off. 
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The chief differences, therefore, seemed to appear in the capac¬ 
ities of the various types of partition to withstand the force of 
water. Those partitions having a harder and less porous structure 
stood much the best. 

From a consideration of the above tests, it will be seen that 
some forms of partition, under certain conditions of exposure in 
case of fire, will prove to be more difficult than others to repair, 
even though they may not entirely fail. Plaster, constituting the 
finish surface, could not be expected to stand, and does not in 
a severe fire; the expense, therefore, of this item in the repair 
would be essentially the same in all forms of partition. 

With some of the plaster hoard partitions in which tlie blocks 
were hollow, the calcination and the stream of water broke through 
the outer shell, leaving the cells exposed. In such cases it would 
probably be necessary to provide new blocks, as the old ones could 
not well be repaired. In the solid plaster board blocks the wear, 
if not more than ;| inch, could probably he repaired by hard plas¬ 
ter, so that, although not being as good as it was oiigiiially, the 
partition, in case of another fire, would still be considered reason¬ 
ably safe. 

The wire lath partitions cannot be considered fireproof until 
th.ey are plastered. Here, accordingly, the plaster forms an essen¬ 
tial feature of the partition; and in case of any considerable 
portion of this being destroyed and exposing the metal frame, the 
partition could be repaired by replastering, provided the metal 
frame had not been injured. 

The concrete blocks and the terra cotta blocks in the tests 
cited above were not injured by the fire and water test; and so, if 
the results, under actual conditions were always as favorable as in 
these aiiiificial instances, the expense of repairing this form of par¬ 
tition would appear to be less than in the case of the other forms. 
It should be noted, however, that the partitions tested were with¬ 
out openings, and that openings in a partition weaken its lateral 
stability. While the block pai-titions were uninjured, they might 
not show so favorable results where openings occur, because of the 
attendant loss of lateral strength. In this respect it is probable 
that the plaster and wire lath partitions, and those plaster board 
partitions having metal stiffening, would not be any more liable to 
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failure with openings than without, because, as constructed, the 
metal frame is secured at floor and ceiling, and, wliere openings 
occur, the frame is also tied longitudinally. 

Column Coverings. The particular form of covering to be 
used is affected by the section of the column. In general, how¬ 
ever, this consists of terra cotta blocks, wire lath, and plaster, or 
a solid block of concrete or plaster. As before stated, the princi¬ 
pal source of failure in all forms of covering is their liability to 
crack off or be knocked off. The more nearly, therefore, the cov¬ 
ering can approach a monolith of substantial thickness, the better 
it will be. If it consists of blocks, these should be bonded or 
anchored so as to tie the whole together, and should be made 
with one and i^referably two air spaces. If of plaster on wire 
lath, it should be cement of sufficient thickness; and if of concrete, 
cast in place, it should form a solid casing without joints and 
with an air space between it and the steel. In many cases, pipes 
are run in the column enclosure, so tliat in such instances the solid 
monolith is not practicable. 

Corrosion of Steel. An important feature in all concrete- 
steel systems is the effect of the concrete on the steel. Some 
authorities have held that, on account of its alkaline nature, the 
presence of Portland cement in concrete is sufficient to prevent 
any corrosion of the steel. Observations of actual structures, and 
tests specially conducted, have shown, however, that under cer¬ 
tain conditions steel will rust when imbedded in Portland cement 
concrete, while under certain other conditions it will not rust in 
such an environment. It has been held by some, for example, 
that this rusting will not occur unless sulphiu' is present in the 
concrete. 

Professor Norton of the Massachusetts Institute of Technology 
has conducted a series of tests to observe the conditions under 
which steel in concrete will corrode. A number of mixtures of 
concrete were used, consisting of standard brands of cement and 
of both cinders and stone. Tlie cinders showed very little sulphur 
present, and the concretes were distinctly alkaline. The metal 
imbedded was in the form of steel rods, sheet steel, and expanded 
metal. The results showed that when neat cement was used no 
corrosion occurred. It was also demonstrated that when, corro- 
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sion occurred in either the cinder or stone concrete, it was coinci¬ 
dent with cracks or voids in the concrete which allowed the 
moisture and carbon dioxide to penetrate. If the concrete was 
mixed wet, so as to form a watery cement coating over all the 
steel, this coating protected the metal even when cracks and voids 
were present. 

Professor Norton a-nnounced the further conclusion that when 
rusting occurred in cinder concrete it was due to the iron oxide or 
rust in the cinders, which acted as a carrier of the moisture and 
carbon dioxide, and it was not due to the presence of sulx)hur. 
Also, that if cinder concrete was well rammed when wet, and was 
free from voids, it was about as effective as stone concrete in 
preventing rust. ^ 

His conclusion as regards the part played by rust in itself 
aiding the further corroding action by assuming the role of cariier 
for the active agents, shows the importance of having the steel 
free from rust when it is imbedded in the concrete. 

The above observations and conclusions are of the utmost 
importance as establishing the conditions under which, in both 
stone and cinder concretes, steel may reasonably be expected not 
to corrode, and as showing clearly the precautions and methods 
that should be observed in such construction. 

Paints. Paints used for the protection of steel, consist, 
like all other paints, of a pigment and a vehicle. The pigments 
used are generally red lead, iron oxide, carbon, and graphite. The 
vehicle commonly used is linseed oil; and generally this is boiled 
oil, altliough raw oil is sometimes used. 

Observations covering a period of about four years were made 
by Mr. Henry B. Seaman, Member of the Ameiican Society of 
Civil Engineers, on various kinds of paint exposed to the locomo¬ 
tive smoke and gases on viaducts over the Manhattan Elevated 
Railroad in New York City. His report, published in the New 
York Evening PoBt^ concludes that carbon and graphite paints 
stand such exposure rather better than others, and the carbon 
paints somewhat better than the gra^jhite. None was entirely 
efB-cient. A detailed paper on paints for steel was prepared by Mr. 
G. M. Lilley, Associate IMeniber of the American Society of Civil 
Engineers, and was published in Engineering News^ Ajpril 24, 1902. 
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The value of paints as agents in the prevention of rusting of 
steel depends much uj^oii the conditions under which the painting 
is done, the (quality of the paint, and the treatment of the metal 
after painting. 

The exjjeiinients of Professor Norton, already mentioned, 
have established that the essential thing is a coating of the steel 
which will not crack or peel off and is non-porous, and that the 
steel must be clean. The fact that in many cases paint has been 
applied over a coating of rust, does not, of course, afford any reason 
for condemning the use of paint because of its failuie in such cases 
to prevent further corrosion. 

If the paint can be applied in such a way as to form for the 
steel a continuous coating that will not crack, or blister, or peel 
off, it will probably be a very effective preventative of rust. All 
paints, however, are more or less porous, and to this extent 
inefficient. 

It is, however, the opinion of the authorities who have given 
this subject most study, that, while more expensive, a thin coating 
of Portland cement applied continuously to a clean surface of 
steel is more effective than paint. 

The alkaline character of the cement neutralizes the carbon 
dioxide which may be present, or which may tend to filter through 
to the steel. In this regard, therefore, it is probable that a small 
degree of rust in the steel before it is coated with cement would 
not be likely to cause further rust, as would be the case if the coat¬ 
ing were of ordinary paint, since the carbon dioxide present in the 
rust would be neutralized by the cement. 


FIRE-RESISTING WOODS. 

There are several companies who have processes of treating 
wood to render it fire-i’esisting. These processes differ materially. 
None of them renders the wood absolutely fireproof, and tests 
have conclusively established that all such treated woods will l)nrn 
if subjected to sufficient heat for a considerable time. Some 
authorities place this temperature limit at which ignition will 
occur, as low as 100° above the temperature required to burn 
untreated wood. Other authorities claim that the period during 
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which wood will glow after it has been ignited and the flame 
removed, is as 1 to 10 for the treated and the untreated woods 
respectively. 

The process of treating woods is to impregnate them with 
certain chemicals which serve to retard the giving off of combus- 
tible gases by the wood under heat, and which also, under the 
action of heat, themselves give off certain other gases that serve 
to extinguish combustion when started. 

It has undoubtedly been demonstrated that treated wood will 
burn, and that the gases from it are combustible. It is, however, 
equally well established that treated wood will not ignite as readily 
as untreated wood; that it requires a higher temperature to main¬ 
tain its combustion; and that when the source of heat is removed 
the wood will cease to glow more quickly than untreated wood. 

A material has recently been put on the market in England 
under the name of “Uralite,” which, it is claimed, can be worked 
like wood ; and can be used largely in the same way, that is, either 
solid or as a veneer to form a fireproof covering. The basis of the 
material is asbestos mixed with whiting. The finished material is 
made of several thin layers felted together. For a description of 
this material, see Engineering^ August 15, 1902. 




OFFICE BUILDING FOR CHICAGO & NORTHWESTERN RAILWAY COMPANY, CHICAGO 
Trusses In court. ISTote columns extending to bottom chords of trusses. Boilers are hung from these columns. This truss Is an 
example of the two-panel truss referred to on pages 133 and 393. For plan of building, see illustration on page 187. 
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PART II. 


BEAAIS AND GIRDERS. 

Determination of L.oad:», Tlie first step in tlie cnlculation 
of a beam or girder is to determine the exact amount of load to be 
carried, and its distribution. Loads may be uniformly distributed 
or concentrated, or both in combination. ' The case of a simple 
tioor or roof beam usually involves only the calculation of the area 
carried and the load per square foot. The load per square foot 
is made up of two parts—namely, dead load, or the weight of the 
construction; and live load, the superimposed load. Tiie latter 
is generally specified by law, as noted previously under Building 
Laws and Specifications.’’ 

The calculation of the dead load has to be made in detail to fit 
each case. In the case of a floor beam this would consist of the 
arch between the beams, the steel beams and girders, the filling on 
top of the arch, the wood or other top flooring, the ceiling, and the 
partitions. These weights cannot be accur.itely determined until 
the spacing and size of beams are fixed; so their features have 
to be tissumed at first. The process in general is illustrated by the 
following case; 

.A.ssume a terra cotta arch 8 inches deep, beams spaced about 
5 feet center to center, 3 inches of filling and screeds on top of the 
arch, a |-inch hemlock under floor, and a 1^-iuch oak top floor= 
The weights then are as follows: 

8-iii. arch. = 30 lbs. 

Steel = =z 3 6, or say = 4 “ 

Filling = 3X5 = 15 ** 

|-in. floor = |* X 2, say = 2 “ 

-in. top = 1.126 X 3 67, R'\y = 4 “ 

Ceiling (no furring) = 7 ** 

Partition = 64 “ 

6 

Total Bead lioad 


126 lbs. 
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The ealciilation of the dead weight per square foot of parti¬ 
tions is made up of the weight of blocks, if of terra cotta, and 
of the plastering on both sides. If the structure is of wire lath, 
the weight is that of the framing and plastering. These weights 
per square foot have already been given in the chapter on Fire¬ 
proofing, 

Only the height of the story is used, as the partition stops at 
tlie ceiling. In the above case it is assumed that the partition 
may go anywhere, and therefore, in some cases, may come directly 
over a beam, thus being entirely carried by it. If the partitions 
are in general located so as to come between beams, and no pro¬ 
vision is desired for other possible locations, the above partition 
load might be reduced one-half, as a partition would then be carried 
by two beams. Or if the partitions came only over girders, the load 
might be omitted entirely in the calculation of the beams. 

In the above total dead load, it should be noted that the allow¬ 
ance for steel does not include the weight of girders. This of 
course shoiUd not be included for the beams. In the calculation 
of the girders the weight of the girder itself should be added. 

The calculation of dead load cannot be absolutely exact, any 
more than can the determination of the exact amount of live load 
that will have to be carried- It should always, however, be worked 
out in detail as above, so that as close an approximation as possible 
shall be made. 

Tables XIV and XVI, of Part I, and Table XVII, Part II, 
give the weights of different materials and forms of construc¬ 
tion, for use in determination of dead loads under different con¬ 
ditions. 

The floor arch is assumed to carry all its load vertically to the 
beams, and the load therefore is the product of the area and the 
load carried per square foot. This neglect of thrust from the arch 
is on the safe side as regards the determination of amount of load 
on the beam. 

Distribution of Loads* The load on a girder is generally 
concentrated at one or more points, and involves the calculation 
of the reactions from the beams. Girders therefore, as a general 
thing, are not calculated until after the beams. A girder may also 
have a uniform load from one side, or from a partition or wall. 



STEEL COXSTHUCTIOX 


f»3 


TABLE XVn. 


Weights of Various Substances and Materials of Construction. 


SCBSTANCE 

1 AVERAGE 
j WEIGHT IN 
» POXTNDS PER 
j CUBIC FOOT 

SUBSTANCE. 

I 

‘ AVERAGE 
t WEIGHT IN 
j POUNDS PER 

1 CUBIC FOOT. 

Aluminum 

' 162 

!' Hickory 

i 53 

Ash 

i 38 to 47 

j lrou. cast 

450 

Asphaltum 

62 to 112 

I Iron, wrought 

4S0 

Brass (cast) 

490 to 525 

I'Lead, commercial 

710 

Brick 

100 to 150 

I' Limestone 

153 to ITS 

Brickwork 

100 to 140 

j I Lime, quick 

05 

Cement, Poitland 

80 to 110 

i' Mahogany 


Cement, Rosendale 

55 to 65 

j 1 Marble 

158 to 180 

Cherry 

42 

jj Masonry, granite or 

Chestnut 

i 41 

1| limestone, dressed 

105 

Clay, Potter's, dry 

1 112 to 143 

'. Masonry, granite or 

Clay, in dry lumps 

i 65 

j limestone, rubbie 

! 154 

Coal — Anthracite 

52 to GO 1 

''Masonry, granite or 

Coal — Bituminous 

47 to 52 

1 limebtonV. dry rubble 

i 138 

Coke 

Concrete—Stone and 

23 to 82 

(Masonry, sandstone 1 

1 less than above 

I 

Portland cement 

140 

Mortar, hardened 

87 to 112 

Concrete — Cinders and 


i Qak, live 

GO 

Poitland cement 

96 

,Oak, white 

47 

Copper, cast 

642 

Oak, red 

32 to 45 

Copper, rolled 

Cypress j 

655 

Pine, white 

25 

64 

; Pine, yellow Northern 

34 

Earth—Common loam. 


Pine, yellow Southern 

45 . 

dry and loose 

72 to 80 

Poplar * 

29 

Earth — Common loam, 


Platinum 

1,342 

dry and rammed 

! 90 to 100 

Quartz 

i 165 

Earth — Common loam, 


Sand 

! 90 to 130 

soft-flowing mud 

110 to 120 

Snow, freshly fallen 

5 to 12 

Elm 

35 

Snow, moist compacted 

16 to 50 

Grneiss, common 

168 

Slate 

175 

Gneisst, in loose piles 

9G 

Spruce 

26 

Gold, oast pure or 24 


Steel 

490 

karat 

1,204 

Sycamore 

37 

Gold, pure-hammered 

1,217 

Tar 

62 

Granite 

160 to 178 

Terra Cotta 

106 

Gravel 

90 to 130 

Terra Cotta masonry 

112 

Hemlock 

25 

Tin, cast 

459 


“ iToTE. Where weip^hts of wood are given above they are for perfectly dry- 
wood. Qreeu timbers weigh from one-fifth to one-half more than dry, ordi¬ 
nary building timbers, one-sixth more than dry. 
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thus Lring'iiig s-oiuetiiiies very uusymmetrical loading. Openings 
also affect tlie distribution of loading on a beam or girder. 

Stairs should be figured as fully loaded with the assumed live 
load and the dead weight of their own construction, and as being 
supported by tlie gii*der on which they rest. In the case of very 
heavy live loads, as in warehouses, the customary live load in 
office buildings could be used in determining the load for stairs. 

If the framing plan is drawn accurately to scale, the position 
of concentrated loads can be determined by scaling. In the case 
of short girders with heavy loads, however, a slight error in deter¬ 
mining the position of loads would appreciably affect the result; 
hence it is necessary to exercise caution in scaling the position, to 
avoid any chance of great variation from true measurement. 

Beams and girdeis carrying elevator machinery should have 
tlie loads and their position determined with special care. To 
this end the layout of the company installing the machinery 
should always be used in final calculation. This layout gives the 
loads at the different points; and therefore the exact position on 
the supporting beams, and the reaction on the girders, can be 
deteimined. As elevators are liable to cause a shock in sudden 
starting and stopping, it is customary to multiply the total load by 
two to allow for this shock. 

In the calculation of the girder the laws of some cities allow 
a reduction amounting to a certain percentage of the live load, on 
the assumption that the whole area adjacent to a girder is not 
likely to be loaded to its maximum at the same time. This, how- 
evei*, should not be done in warehouses, nor where on the other 
hand the assumed loads are very light; and in any case it should 
be done with discretion. 

Lintels. The size and character of lintel beams depends (1) 
on load to be carried, (2) on arrangement of openings over beams. 
(3) on practical considerations of construction. 

If the wall is sDlid above the opening for a height greater 
than the span of the opening, the masonry, if of brick, will arch to 
some extent and thus relieve the lintel of a portion of the load. 
Practice varies in the proportion of load assumed to be carried. 
It is good practice to consider the weight of a triangular section of 
wall, of height equal to the span, as carried by the lintel. If 
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there is only a small pier under the ends of such a lintel, however, 
this arch effect should not be coinidered, but the full load of 
masonry provided for. In very wide openings, also, the full load 
should be calculated on the iintei. The ba^^is for assumption of 
arching effect is that brickwork can be corbeled out at an angle of 
about 60®, and support safelj' its own weight after final set in the 
cement has taken place. This assumption should not be made 
where the center of gravity of such mass of masonry will fall out¬ 
side the supporting base. The figures below will illustrate this 
principle. 

Another assumption sometimes made is, that the wall span- 
ning the opening is capable, as a beam, of carrying a certain por¬ 
tion of the load, and that the lintel need be calculated only for the 
additional weight. This is necessarily dependent on the tensile 
strength of the mortar joints, which, although being considerable 
in an old wall, would be very slight in a new wall; and for new 
work, therefore, this assumption should not be made* 

The arrangement of openings 
above the lintels often makes it 
necessary to provide for the full 
load of wall, because this load is 
carried in the direct line of piers 
to the lintels. Such cases are 
illustrated by the figures below. 

The particular form of lintel 
will depend not only on the load, 
but on the way in which the metal 
must be distributed in order to 
carry the load. A very thick wall 
may necessitate a number of beams 
or other shapes to provide neces¬ 
sary width on which to lay the 
brickwork. If the stone or terra 
cotta facing has to be supported, 
this also necessitates special shapes 
to meet the requirements. More¬ 
over, if floor loads are to be carried, the size and shape will be 
largely fixed by this further condition. A lintel may, therefore, 
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consist of a number of different shapes of different sizes. The 
problems belnw illustrate types of condition ordinarily met with. 

Beam Plates. Beams and girders carrying ordinary loads, 
usually have plates under the ends resting on the walls, in order 
properly to distribute the load on the masonry. 

The method of determining the proper size and thickness of 
such plates is as follows: 

In Fig. 78, I = dimensions of plate in inches transverse to 
web of beam; 

V = dimension of plate in inches in direction of 
web of beam; 

h = width of flange of beam. 

The plate should cause the load to be uniformly distributed on 
the masonry over its whole area. 

If R = the reaction at wall end, 

then ^ = the load per square inch on masonry. 

The portion of the plate not covered by the flange of beam is 
in the condition of a beam fixed at one end and free at the other. 
The formula for the moment, therefore, is: 

M = J jp I? 

R I—h 

p = ^,andL=-2- 

therefore M = J X ^ X 

considering a strip 1 inch in direction of web of beam; but from 
the formula for beams, 

/I 

M = —; if, therefore, t = thickness of plate, 
then,- since y — % 


C-i") 
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therefore 


0 M _ 
fl ~ 



4 



since b = 1, 


which reduces to — 


4 


V If 


t — .86b (I h) y/ 

For steel plates,/= 16,000 
For cast iron f = 2,500. 

The safe bearing on masonry has been specified in the chap¬ 
ter on Building Laws and Specifications. 

If two or more beams spaced close together were used, then h 
in the above formulae would be the extreme distance between 
flanges of outside beams. 

Anchors- Beams resting on brick walls are anchored to 
these walls. Some of the more common forms of anchors are 
shown by Figs. 79 to 86. 

Separators. When two or more beams are used together to 
form a girder, they are bolted up with separators. These sepa¬ 
rators are either bolts running through spool shaped castings 
of the required length to fit between the webs of beams, or 
plate-shaped castings made to fit accurately the outlines of 
the beams and having width equal to the space between webs 
of beams. The object of these separators is two-fold; (1) to pre¬ 
vent lateral deflection of the beams under the loading; (2) to dis¬ 
tribute the loads equally between the beams when the loads are 
not symmetrical on the two beams, and to cause the beams to de¬ 
flect equally. The latter function is by far the more important 
one, and for this purpose the second form of separator is the only 
one that should be used. Beams over 12 inches deep have, as a 
general thing, two horizontal lines of separators; beams under 12 
inches, one horizontal line. 

Figs. 87 to 89 illustrate the different types of separator. 

Calculations. To find the actual fibre stress on a given beam 
supporting Tcnown loads: 
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Fig S& 


Data required; 

1. Length, of span of beam, center to center. 

2. Size and weight per foot of beam. 

3. The amount and character of load on the beam. 



























YOUNGLOVE BUILDING, EUCLID AVENUE, CLEVELAND, OHIO 

Watterson & Schneider, Architects, Cleveland, Ohio. 

This Structure, Built in 1906 at a Cost of about $40,000, is 78 Feet Wide in Front, Diminisbing to 84 
Feet in the Rear, with a Depth of 130 Feet. Floor Surface on Each Floor, 6,100 Square 
Feet. Mill Construction; Walls of Willow Shale Brick. The Building is 
XJsed for Ihght Manufactm*ing, Electricity being Used as Power. 
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. Operations: 

1. Find from the tables in Cambria the moment of in¬ 
ertia of the beam. 

• 2. Fig-nre the bending moment due to all the concentrated 
loads, and the uniform load in inch-pounds. 

3. Apply formula f == 

Substituting the values obtained above we find the value ofy. 

Note. Since we know the size of beam, the value of y is one-half the 
depth of beam. 



ay 

CAST IRON SPOOL SEPARATORS 


A more direct method would be to find the value of S (see 
Cambria) and dividing M by S which would give the requix*ed 
fibre stress. 



Fig aa 

STANDARD CAST IRON' SEPARATOR WITH ONE BOLT 


!Zh find what load^ wnifqrmly distributed^ will he carried by a 
given beam, at a given fibre stress. 

Data required: 

1. Length* of span, center of bearings. 

2, Allowed fibre stress, 

3- Size and weight per foot of beam. 
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Operations: 

1. Find from the tables the moment of inertia of the 
giyen beam. 

2. Find the valne of the beam in bending-moment, 

/ I 

inch-pounds, from the formula M = — 

y 

3. Find the value of the beam in bending-moment foot¬ 
pounds by dividing the result obtained under operation 2 by 12. 

4. Find the value of W in the formula 


W = 


8 M 
I * 


in which W = the total load in pounds uniformly distributed 
which the beam will support: 


M == the bending moment in foot-pounds ; and 
I = length of span in feet. 



Fig. 39 

standard cast iron separator with two bolts. 


To find the size of heam required to carry a system of known 
loads at a giimi fibre stress. 

Data required: 

1. Length of span, center to center. 

2. Allowable fibre stress. 

3. The amount and chamcter of load on the beam. 
Operations: 

1. Figure the bending moment in inch pounds elite to 
all the concentrated loads, and the uuiform load. 
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2. Divide tlie bending moment in inch pounds by the 
specified fibre stress, and the result will be the required section 
modulus, S. 

3. Select from Cambria a beam having the required 
value of S. 

Note. Due attention in selecting tlie beam must be given to lateral 
and vortical deflection as previously noted, or to a proper reduction of tbe 
specified fibre stress to allow for these considerations. 

PROBLEMS FOR PRACTICE. 

1. Griven a 15-inch 60-lb. beam on a span, center to center 
of bearings, of 22 feet 6 inches. Required the safe load uniformly 
distributed at a fibre stress of 16,000 lbs. per square inch. 



Solve by the methods given above ; 

(6), by use of coefficient of strength given in table of 

Properties by the formula = -g. 

2. Find from the table of Safe Loads the total load which 
a 6-inch 12.25-lb. beam will carry on an effective span of 15 feet, 
without exceeding the limits of deflection for plastered ceiling; 
allowable fibre strain 16,000 lbs. per square inch. 
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What would be the safe load in the above problem if the 
allowable fibre strain were 10,000 lbs. per square inch? 

In the following problems, solve, 

(a) by use of tables of Safe Loads, and 


by formula M 


.11 

y 


, and use of table of Properties. 





3. Find the greatest safe load in pounds uniformly distrib¬ 
uted that will be sustained by a 10-inch 35-lb. I beam having a 
clear span of 10 feet 3 inches and an effective span of 11 feet 3 
inches, the allowed stress in extreme fibre being 12,500. 

4. The moment of the forces in 
foot-pounds acting on a beam of un¬ 
determined size is 108,000. What size 
of beam will be required if a sta-ess of 
16,000 pounds per square inch is allowed 
in extreme fibre? 

6. What load uniformly dis¬ 
tributed will a 15-inch 42-lb. I beam 
support per linear foot, if the span, cen- 
ter to center of bearings, is 10 feet 4 
inches, and the allowed stress,in ex¬ 
treme fibre is 14,500 pounds per square 
inch? 

6. What weight of wall will a 
12-mch 81.5-lb. I beam 18 feet long be¬ 
tween center of bearings carry, no 
transverse support for wall? Allow¬ 
able fibre strain, 16,000 lbs. per square 
inch. 

7. An office building has columns 
spaced 15 feet on center in both direc¬ 
tions. Give in detail the estimates of dead load for the following 
constructions. Live load in each case 100 lbs. per square foot. 

(a) Beams spaced 5 feet center to center, 8-inolx terra cotta arcli of end 
construction, 2-inoh wood screeds and cinder concrete filling, J-inch under 
floor, and j-ineb maple top floor. 

(&) Same conditions, except S-inoli terra cotta arcb of side construction 
(c) Same spacing of beams, witb expanded-metal arob, type 8. 


UNT^LS TYPE B 

Fig 91 
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{d) Same conditions as above, bat expanded-metal areli, type S, witb. 
suspended ceiling. 

(e) Beams spaced 7 feet 6 incbes center to center. Columbian system, 
type 2, stone concrete. 

Note. In all above cases, partitions are of 3-inoh. terra cotta blocks, 
and come only over girdei's Clear story beigbt=10 feet. Give loads for 
botli beams and girders. 

8. Required a lintel over opening- shown by Eig. 92. 
Clear span 15 feet, wall 16 inches thick and 50 feet high. No 
floor or any load carried by wall. 

In this type of opening, the narrow piers or columns under the lintels 
make it necessary to figure the full load of wall, as otherwise the narrow 
base suppoi'ting the heavy overhanging mass of masonry would cause at the 
piers a thrust that would necessitate continuous tie rods- The full load, there¬ 
fore, would be 50 X I.") X 1 33 X 115 == 115.000 lbs. The effective span of lintel 
is 16 feet; the capacity of two 18-inch 55-lb- I beams for this span is 117,800 
lbs., and these would, therefore, be the required sections. 



j_inte:i_s tvf^e c 

92 


Required the size of lintel of type B, Pig. 91. Span between 
centers of bearings, T feet. Wall 20 inches thick. Floor load. 
200 lbs. per squai-e foot. Columns spaced 15 feet from wall. 

In this case the piers at side of opening are sufficiently heavy for ns to 
consider the wall over opening as arching, as shown by dotted lines. 

Floor load = 200 X 7.6 X 7 .= 10,600 lbs. 

Wall load = 7 X 3.6. X 1.67 X 116 = 4,697 lbs. 

The full floor load should be provided for. The wall load is not a uniformly 
distributed load, and moment should be calculated by assuming load 
between center and end of girder as acting ■J- the way from the center of the 
girder. 


M of floor load = i X 200 X 7.6 X 7 X 7 X 12 =110,200 

M of wall load = 7 X 3,5 X 1-67 x 115 

-2- X 2.33 X 12 = 65,500 

176,700 


inchL-pounds. 

«( 

(4 ’ «(. 
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The moment in foot-pounds of -wall load can bo obtained also by the use 

of the formula M = '^vlierep is the weight of §b squaie foot ot the masonry 

12 

of the given thickness, and I the span. 

If the allowable fibre strain is 16,000, this gives a necessary section 
modulus of ll.O. 

Two 7-mch 9.75-lb. I beams have a total section modulus of 12,0, and 
wouldi therefore, be sufficient. 

Note. In this calculation the strength of the angle riveted to the chan¬ 
nel is not considered in the capacity of lintel. 

10. What size of beam will be required to span 19 feet cen¬ 
ter to center of bearings, and support a uniform load of 1,200 lbs. 
per linear foot, together with two concentrated loads of 5,000 
pounds each ? One concentrated load to be applied 7 feet from 
the left-hand support and the other 8 feet 9 inches from the left- 
hand support. The allowed fibre stress is 9,000 pounds per 
square inch. 

11. Find the actual stress in extreme fibre of a 12-inch S1.5- 
Ib. I beam spanning 12 feet 6 inches center to center of bearings, 
and supporting a uniformly distributed load of 23,500 pounds, and 
one concentrated load of 7,500 pounds placed 4 feet 9 inches from 
left-hand support. 

12. What will be the most economical arrangement of floor 
beams and girders for carrying a load of 175 pounds per square 
foot, including weight of floor? Assume floor to be of exjmnded 
metal, fireproof construction, and beams spaced not to exceed 6 
feet. Under side of floor to carry a plastered ceiling. 

13. What size and weight of beam, 23 feet long in the clear 
between walls, will be required .to carry safely a uniformly dis¬ 
tributed load of 14 tons, including the weight of* beam? 

14. What load uniformly distributed,' including its own 
weight, will a 12-inch I beam, 31.5 pounds per foot', carry for a 
clear span of 28 feet 6 inches, without deflecting sulBoiently to 
endanger a plastered ceiling? Beams rest 12 inches oir walls at 
each end. 

16. Calculate by use of Cambria book the moment of inertia 
about the neutral axis perpendicular to web at center of a 12-iiich 
31.5-lb. beam. 

16. Given a girder loaded as follows: Effective span 28 
feet; center load 4,000 lbs.; and a load, 7 feet each side of cen- 
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ter, of 3,000 lbs. Required the size of beam such that the deflec¬ 
tion will not exceed plaster limits. 

'Ll* Given, a warehouse 180 feet by 80 feet inside of walls, 
Columns spaced 18 feet longitudinally and 16 feet transversely. 
Total load per square foot 300 lbs. Required the necessary sizes 
of beams and girders. 

18, In the above warehouse, what changes in spacing of 
columns longitudinally could be made to give more practicable 
sections of beams and girders, and what sizes could then be used? 

19, Given a girder loaded as shown by Fig. 93. Allowable 
fibx’e stress, 16,600 lbs. per square inch. Required: 

(a) The size of single beam girder. 

(h') The size of single beam or channel to carry end of girder 
framing into lintel. 

(c) The size of double beam girder. 

(c?) The size of double beam or channel lintel. 



20. Given a system of overhead beams for an elevator as 
shown by Fig. 94. Required the size of beams Nos. 1, 2 and 8. 
Make allowance for shock as previously stated, and observe that 
when two beams are used together as a girder they must be of the 
same depth. Allowable fibre stress 15,000 lbs. per square inch. 

In all the above problems, unless otherwise noted, use / = 
1,600 pounds per square inch. 

COLUriNS. 

A column ordinarily has to carry only vertical loads. There 
are conditions in which it has to resist lateral forces, but these will 
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ScAce 


Fig. y4. 

be taken up under the heads of “High Buildings’’ and “Mill 
Buildings.” 

Shapes Used. A column may be made of any of the struc¬ 
tural shapes that are rolled, or of any combination of them which 
it is practicable to connect together. • In practice, however, there 
are certain combinations which are commonly used to the exclu¬ 
sion of others. Beams, channels, angles, tees, and zees are all 
used singly at times, as columns. The more common combination 
of shapes are shown in Plate I of Part I. 
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The component parts of these columns will he evident in 
most cases, from an inspection of the figures. The white spaces 
between the black lines indicating the different shapes do not 
represent actual spaces; this is a conventional form to more clearly 
show the shapes of which the column is composed. 

Fig. 5 is a two-angle and a four-angle column. Adjacent 
legs of the angles are riveted together as iiidiciited. Sometimes 
plates are riveted between the angles to increase the area of the 
column or to make simple connections. 

Fig. G is a four-angle column to which the angles are connected 
by lattice bars, which come in the position shown by the light line, 
and run diagonally from, side to side of the column for its entire 
length. 

Ill Fig. 7 a continuous plate is substituted for the lattice bars. 

Fig. 8 is a similar column in which one or more plates are 
added to the outstanding legs, on each side, to increase the area 
of the column. 

Fig. 9 represents a column composed of two channels con¬ 
nected by lattice bars, riveted to the flanges. 

In Fig. 10 continuous plates are substituted for the lattice bars. 

Fig. 11 is a column similar to Fig. 10, but shows plates 
riveted to the webs of the channels to stiffen them and to increase 
the area of the column ; these plates have to be riveted before the 
flange plates are put on. 

Fig. -12 is a column of similar shape, but instead of the 
channels, angles riveted to plates are used. This has the dis¬ 
advantage, common to Fig. 11, of four extra lines of rivets as com¬ 
pared with h'ig. 10, *A heavier section can be made, however, 
than would he possible with any of the channel sections, and a 
better riveted connetetion can. be made through the flange angle 
than through the flanges of the channels. 

Fig. 13 is known as a Grey column,” and is a patented sec¬ 
tion. The unshaded lines between the angles represent tie plates 
wliich occur about 2 feet 6 inches apart from top to bottom, and 
serve to connect the angles to each other. 

Figs. 14 and 15 are similar to Figs. 9 and 10, the channels 
being simply tiumed in instead of out; this is of advantage some¬ 
times in making connections or when a plain face is desired. 
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Fig. 16 is called a Larimer column',” and is also a patented 
section. It consists of two I beams bent in the form shown and 
3-iveted together through a special shaped hllcr, shown iiiishaded. 
This column lias the same advantage as tlie Grey column, that it 
gives a flajige on all four sides to make connections with. Neither 
column is very generally used, however, and when used they are 
subject to a small royalty charg*e. 

Fig. 17 is a modification of Fig. 8, in which cliannels are 
used instead of plates. This gives more simple connections of 
beams, especially where tlie beams frame eccentrically with regard 
to the axis of tlie column. This section also gives a larger radius 
of gyration, and has many of the advantages of the Z-bar column 
shown by Fig. 23, although liaving four extra lines of rivets. 

Fig. 18 is a column having four Z bars connected by tie 
plates spaced about 3 feet apart, mid • wliich are indicated by the 
unshaded lines. 

Fig. 19 is similar except a eontmiious plate is substituted for 
the interior tie plates. 

Fig. 20 is a section intended to give the form of Fig. 17. 
The rivets through the beam flanges are objectionable, however, 
exceiJt for liglit loads and short lengths. 

Fig. 21 is a modification of Fig. 19, in order to inereaso the area. 

Fig. 22 is a modification of tlie usual form of Z-har column 
shown by Fig. 23. This gives increased area and a greater spread 
between the outstanding flanges of the Z bars, wliieh is of advantage 
sometimes in making connections. 

Fig. 23 is the very generally used Z-bar column. This 
section has its metal so distributed as to give a higli radius of 
gyration, and its shape makes connections simple. Z bars cost 
about of a cent per pound more than other shapes, and it is not 
possible, generalli^, to get so prompt delivery. 

Fig. 24 shows the usual method of increasing the area of a Z- 
bar column by adding plates to the flanges. 

Effect of Connections. In order to design a column intelli¬ 
gently, it is necessary to know in every case how the members 
tliat are to carry the load to the column are to be conirected to it. 
Types of connection are illustrated by Plates VII and VIII, Figs. 
95 to'106. 
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There is hardly ever a ease in which the loads on a column 
can be exactly balanced so that the center of gravity of the loads 
will coincide vHth the axis of the column. Practically, also, the 
beams on one side may receive their full load while those on the 
other side ai;e only partially loaded. The effects of eccentricity 



of loading are very apparent in tests of the carrying capacity of 
columns; and, where practicable, a column section should be 
chosen which will admit of connections bringing the loads as near 
to the axis of column as possible. If the beams frame symmetric¬ 
ally about the axis’of the column and are almost equally loaded, it 
is not generally necessary, in calculation, to consider the effect of 












112 


STEEL COI^STRUCTION' 


eccentricity. In cases, however, such as frequently occur in con¬ 
nections of spandrel beams and wall girders to columns, this eccen¬ 
tricity should be considered in the calculations. 

To facilitate the erection, connections of beams to columns 
should always be by a shelf having' the proper shear angles under, 
rather than by side connections. Another advantage in this form 
of connection is that the deflection of^ the beam does not cause 
so much bending stress in the column. As will be seen from Fig. 
lOh, if a deep beam or gilder were connected by angles in the 
web, a deflection in the beam would cause the top to tend to pull 
away from the column ; and, if the beam were held rigidly by side 
angles, considerable bending stress in the column would result. 

Selection* ol Sections. The particular form of column section 
will vary with the conditions. 

1. The first consideration is usually the amount of load; 
certain forms cannot be used without excess of metal if the loads 
are light; and conversely, certain other forms cannot be used 
economically if the loads are very heavy. 

2. The next point to be considered is the way the beams 
come to the column. If the framing is sjnnnietrical and on four 
sides, any of the sections could be used; in such a case, however, 
it would be simpler to avoid single or double angles for use as 
columns. 

If the connections are eccentric, then a section stronger in 
the direction of eccentricity should be chosen, and one that will 
admit of easy coiincetious. If a heavy girder comes in on top of a 
column, then the metal must be specially arranged to meet this 
condition. The consideration of these points will ho taken up 
and illustrated in detail under the head of Gonnections.’’ 

3. In the case of wall columns, the architectural details,— 
such as size of pier, relation to ashlar line, thickness of walls, etc., 
— by limiting the dimensions of column, gcuerally affect the choice 
of form of section. 

4. Other architectural conditions, such as, shape and size of 
finished column, relations to partitions, provision for passage of 
pipes, wires, etc,, have to be considered in the general choice, us 
it is desirable to adopt the same type throughout even if "the limi¬ 
tations affect only certain columns. 
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6. The condition of the steel market as regards delivery 
of certain shapes within the required time, is always a factor. 
A delay of several months may sometimes be saved by proper con¬ 
sideration of this point. 

Calculation of Sections. The type of column having been 
decided on, the calculation of sections is the next step. 

The effect of connections is as important in the case of cast-iron 
columns, as in that of steel columns, and typical details are shown 
in Plates X and XI, Figs. 108 to 111. 

Plate XII, Fig. 112, shows a cast-iron ribbed base designed 
for a square column similar to that shown by Fig. 110. 

Fig. 113 shows a cast-iron base designed for a steel column, 
the section of which is indicated by the hatched lines. An impor¬ 
tant feature of all cases of this type is to have the metal arranged 
so as to conform to the metal of the column that rests upon it. 

A good many designers give a slight pitch downward to the 
brackets forming the seats of beams. This is of advantage in 
avoiding the tendency, which would otherwise occur, of the beam 
to bear most heavily on the other edge when deflection underload¬ 
ing takes place. 

There are several types of column formulce in general use; 
and, as noted under “ Building Laws and Specifications,” there is 
a variation in the legal requirements of different cities in this 
respect, 

Gordon’s formula is perhaps the oldest and most generally 
used. This is as follows: 

^ 12600 
l-p/a • 

where/ = safe fibre strain reduced for length and radius of 
gyration ; 

I = unsu]'^ported length, in inches ; 
r = radius of gyration, in inches; 

« = a constant, of the values .below: 

= 36,000 for square bearing ; 

=: 24,000 for pin and square bearing •, 

18,000 for pin bearing. 
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Plate X. 


Cast Irm Columns 
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The formula used by the Carnegie Steel Company for the 
calculation of capacity of Z-bar and box-section columns is as 
follows: 

/ = 12,000 for lengths of 90 times the radius of 

gyration, 

/ = 17,100 — 57 — for lengths greater than above. 
r 

Cooper’s formula is as follows: 

/= 16,000 — 58-L. 

‘ r 

This formula, while similar in form to the one used by the 
Carnegie Company for lengths above 90 radii, is applied by Cooper 
to all lengths. 

The American Bridge Company use the following formula 
for all lengths: 

17,000 

^ 11,000 

The results given- by these formulae vary considerably, the 
variation increasing under certain conditions of length and of radius 
of gyration, and being greater with large values in ratio of length 
to radius of gyration. 

The student should work out the areas of column required 

by these formulae for different values of —, to become familiar 

r 

with their differences. 

Columns, Diagrams, and Tables. The most useful diagram 
for the calculation of capacity of columns and of required areas 
under concentric loading is one which gives the allowable unit- 
stress according to the formula to be used. Such a diagram would 
be made by laying off vex’tical ordinates representing different 
values of radius of gyration, and horizontal ordinates representing 
length of column in feet. On this diagram curves could bo 
plotted, corresponding to a number of formulas. 
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In practice this diagram would be used as follows : Assume 
a certain section which the judgment of the designer indicates as 
approximately correct. C dcuhite the radii of gyration, and, this 
Pfat^IK, Collin Scm ^di^lk 
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having been done, the allowable fibre slntiu, for the least ratio 
of length and radius of gyration can be taken from the tliagrain. 
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If tlie aresA as Tel^rni ixC-T by this a,lioT^able libre strain varies 
materially from thac <jf the assumed section, a new assumption 
must be made and the process repeated. 

JPirohJetn, Piot on c^^oss soction paper which is divided into 
spaces inch wrpa'vre, a column diagram as described above, and 
(haw eur\es for ea<di of the fomiuho given ; orliiiates to provide 
foi ladius ot* gj latioii fr un 0 inches to 8 inches, and of length 
in feet from 0 feet to GO feet. The scale to be in. = 1 ft., 
in. = 1 in. radius. 

Tables or diagrams are also made of the safe capacity of dif¬ 
ferent column sections for varying lengths, as, for instance, those 
given for Z-bar columns and for channel and plate columns. Sim¬ 
ilar data could be prepared for other types of column; but unless 
the designer were working under one column formula constantly, 
sucli tables, in order to be useful, would need to be made applica¬ 
ble to all formuhe, and would, therefore, involve considerable time 
in their preparation. 

The column loads should be tabulated with the sections of 
columns as illustrated by Plato IX, Fig. 107. These loads are 
the reactions frimi the different beams framing into them. 

Practical Considerations. In general it is the practice to 
vary the section of column only at every other floor. The reason 
for this is that the saving in number of pieces to handle and 
to erect, and in splices, and the gain in time of delivery, more than 
offset the extra metal added in one story. 

* In some cases, also, it is advisable to adopt a uniform dimen¬ 
sion column so as to avoid changes in length of beam from story 
to story tliat would be necessitated by even slight changes in size 
of column. In special enses many other j)ra(*tical points are likely 
to arise, which, by alTecting rapidity of iireparation of drawings, 
or of shop woi’k, or of erection, may make it advisable to adopt 
certain forms, or may iifiV(*,t tlie theoretically economical section. 
The successful designer is tlie one who caJi foresee all these con¬ 
siderations and propcirly weigh their effect. 

Cast-Iron Columns. Where tlie conditions are such as 
to require a rigid frame, and consequent stiffness in joints and 
connections, it is not advisable to use cast-iron columns, because 
connections to smdi columns must always be by means of bolts. 
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wLicli are apt to work loose and wliich never fit the holes perfectly. 
Furthermore, cast-iron columns are ill adapted to resist lateral 
deflection. Their use, therefore, should be confined to buildings 
of moderate height and in which the walls themselves furnish all 
necessary stiffness. 

In order to use the formuhe for strength of cast-iron columns, 
given in Table 10 of Part I, the ends must be turned true. If 
this is not done not more than one-half their values should be 
used. 

Concrete and Steel Columns. Considerable attention has 
been given of late to the strength of steel and concrete columns. 
Some systems have already been jjroposed, in which columns com¬ 
posed of rods imbedded in concrete are used. Such construction 
has been used to some extent for cbimneys, and in a few build¬ 
ings. It is also suggested that in oertiiin classes of buildings, 
notably mills and manufactories, the steel members now quite 
conimotily employed for columns could be encased in a solid and 
substantial envelope of concrete, and that this casing not only 
would have the advantage of fireproof protection, but, by the added 
stiffness afforded the columns, would enable higlier fibre strains to 
be used in the design of the steel members, and would thus result 
in better and cheaper construction. 

PROBLEMS. 

1. Determine by use of the column diagram described in the 
problem above, the proj^^r section of plate and four-angle column 
to carry a girder over the top, bringing to the column a load 
of 100 tons. Unsupported length of column 18 feet. Use Gor¬ 
don’s formula. 

2. In the above problem substitute for a plate and angle 
column a box column composed of channels and side plates, and 
determine proper section by use of Carnegie formula and Anieiican 
Bridge Company formula, 

3. Given a column built into a IC-inch brick pier and loaded 
with 126 tons. Required the i>roper section of plato and angle 
column, assuming column to be stiffened by wall in direction of 
wall. Length 16 feet. Use Gordon’s formula. 
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4. Given a column loaded as shown by Fig, 114. Deter 
mine proper section of plate and angle column, using Gordon’j 
formula. 
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6. Given the same column as above, but with the axis of 
column at right angles to previous position, as shown by Fig. 115. 
Determine required section of column using channels either latticed 
or with side plates. Use Gordon’s formula. 
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TRUSSES. 

For spans under 35 feet, a riveted or beam girde"' is ordinarily 
raore economical than a truss, unless ihe conditions of loading are 
peculiar. 

Selection of Type. The type of truss selected depends gen¬ 
erally upon (1) span, (2) pitch vif roof, (3) covering of roof, (4) 
available depth, (5^ load to be carried. 

AIL the above considerations affect jointly the clioice of type; 
no single type would be used under certain lengths of span, for 
instance, with different combinations of the other conditions. A 
slioib span and flat roof might lead to a lattice truss, but if the 
roof had a steep pitch another tj’-pe would be used. 

The covering of the roof affects the po-^ition and number of 
panel points, and therefore the type. If the planks rest directly 
on the top chord of trusses, then the panels can be arranged as 
may be most economical. If the roof is f)f corrugated iron, the 
size of sheets will limit the spacing of purlins, and, as tliesc should 
come at the panel points, this will determine the number of panels. 

The position of a monitor or skylight would also largely deter¬ 
mine tlie number of panels. 

If the depth is limited, then certain types cannot economi¬ 
cally be used. If there is a ceiling or sliafting to be carried, or 
any other conditions making a horizontal bottom chord essential, 
then this must be provided. 

In almost all cases, therefore, there are certain contlitions that 
determine arbitrarily certain features of the truss, and these indi¬ 
rectly fix the type that should be used. 

On pages 109 and 110 are given ty])es in general use, and a 
consideration of the points noted above will illuslTate their aiipli- 
cation to these types. 

Bracing. An iinportaiit feature in ull tnisaod roofs is thc! 
bracing. Trusses cannot be economically di*sigue<l witliout sup¬ 
porting at intervals the top chord against lateral dellection. As 
w'as noted in the case of beams, the al]t>wable fibre stress must be 
reduced with th <3 ratio of length to radius of gyration. 

This sui)port is given by the })lank if directly attached to tlu^. 
truss, or by purlins. Such purlins should he clficieuily connected 
to the truss. If the conditions of training iiri^ siadi tliat the regu- 
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lar coiistructioii drjes not iiold tlie truss, then speeiui steel hraciag 
must be used. lu the case of very large roofs, special steel brac¬ 
ing should always ba used, as there would not be sufficient stiff¬ 
ness ill the coniieetions of purlins to properly brace the trusses. 

Such briicmg is generally of the kind known as X bracing, 
alternate panels of adjacent trusses being connected by angles or 
rods. Not eveiy bay is braced, but every other bay, or a less 
number, depending on conditions. 

Considerations Affecting Design of Trusses. Light trusses 
are subject to distortion in shipping, handling and erection. To 
guard against such distonioii it is some Limes important, therefore, 
to provide more than the strength calculated for vertical loads 
when the truss is in position. 

In designing a roof, certain features that affect the weight of 
a truss can often readily be avoided. Some of these are indicated 
as follows : 

Lon^a; weh mombors should be arranged so that the stress will be ten¬ 
sion, not comi^rossion. 

It is not economical to use a double system of web members, such as a 
lattice truss, except in the case of light loads and shallow depth. 

No web members should bo provided that do not take direct load or are 
not needed for support of the choi’ds. 

Concentrated loads, such as imrlins, or hangers, etc , should, if possi¬ 
ble, come at panel points, as otherwise the bending stress in the chords 
increases materially I ho weight of truss. 

The roof plank resting directly on the toj) chord of truss increases the 
weight of truss, but the saving in ijurlins sometimes offsets this. 

The spacing of trusses should, if possible, be such as will develop the 
full strength of the members of the truss. In some cases the conditions are 
such that the lightest sections which it is practicable to use are not strained 
nearly to their capacity. 

Practical Considerations, Trusses are geaeriilly riveted up 
complete in shop and shipped whole, unless it is imi^ractioable to 
do so. Not only is riveting in the held expensive, but the rivets 
are not so strong, being goiiertilly hand-driven instead of power- 
driven. 

In some cases it is not practicable to rivet the trusses com¬ 
plete, on account of their'size. If they are to be shipped by rail¬ 
road, it is always necessary to be sure tliat they do not exceed the 
limits of clearance necessary along the route they have to traverse. 



124 


STEEL CONSTKUCTION 


These limits have to be obtained in each special case, as the clear¬ 
ances of bridges and heights of cars vary. This consideration 
sometimes makes it necessary to ship all the parts separately and 
to rivet in the field, or to make one or more splices of the truss as 
a whole. The weight of trusses, with regard to the rigging avail¬ 
able for handling and transporting them, has also to be considered. 

During the process of erection it should be remembered that 
in the design of the truss the lateral bracing of the completed 
structure is generally figured on, and until the structure is com¬ 
plete, ample temporary bracing should be provided. Many fail¬ 
ures of roofs are due to neglect of this precaution. 

Determination of Loads. The loads for which a roof truss 
should he figured are: the dead weight of all materials; an 
assumed snow load, varying with the latitude and slope of roof; a 
wind load, varying with the slope of roof; a ceiling load, if there 
is to be any; and such other special loads as may occur in particu¬ 
lar cases. 

Snow varies from 12 to 50 pounds per square foot of roof, 
according to the degree of moisture or ice in it. On a flat roof an 
average allowance for snow is 30 lbs. per square foot of roof. A 
roof sloping at an angle of 60® to the horizontal would not gener¬ 
ally need to be figured for snow, unless there were snow guards to 
keep the snow from sliding off. 

The wind is assumed to blow horizontally, and the resulting 
horizontal pressure is generally taken at 40 lbs. per square foot. 
The normal pressure with different slopes on this basis is indicated 
in the folloAving table : 


TABLE XVIII. 

Roof Pressures. 

square foot, for an assumed horizontal wind pressure of 40 lbs. per 


Angle of Roof with Horizontal 

5® 

10® 

20® 

00** 

40" 

1 

50** 

60" 

70^ 

80* 

00* 

Pressure Normal to Surface of 


9.0 








Roof 

5.0 

18.0 

20.4 

33.2 

38.0 

40.0 

40.8 

40.4 

40.0 

Pressure on Horizontal Plane 

4,9 

9.0 

1C.8 

1 

22.8 

25.0 

24.4 

20.0 

14.0 

6.80 

0 

Pressure on Vertical Plane 

0.4 

1.0 

6.0 

13.2 

21.2 

29.2 

34.0 

38.4 

39.6 

40.0 
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In the calculation of the maximum strain, the combinations 
of dead load, snow load, and live load should be considered. It is 
not necessary, however, to consider the wind and snow acting on 
the same side at the same time as a wind giving the assumed pres¬ 
sure would blow all the snow off this side. Wind on one side and 
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snow on the other side, or snow on both sides, generally give the 
maximum live-load strains. 

The total dead and live loads should not be taken as less than 
60 lbs. per sq[uare foot, and, in general, the conditions render allow¬ 
ance for a greater total load necessary. 

The design of trusses will be taken up in the course on 
Theory and Design. 
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CONNECTIONS AND DETAILS OF FRAfllNG, 

Figs. 121 to 12G sliow types of connections of beams to girders 
and columns. Gomiecluons to girders tire nearly always of these 
standard forms, which are the Carnegie standards. In certain eases, 
individual shops have forms that vary sliglitly from t]K\sej but not to 
an}" great degree. It is essential to use tliG standard form wherever 
possiljle because these connection angles are always kept in st(3ck, 
and the shop work of laying-out and p” i the material is 

theiehy nuicli siinplilied. Con<litions of framing sonieiimes arise 
ivquiiing specied connections, hut these should always be avoided 
it possible. In the smaller shopvS, an extra chai‘g(‘ is generally 
made for coping ])oams so that where praetit*a])le, witliout increas¬ 
ing the cost of other portions of the work^ it is Ijetter to frame 
licanis far enough below girders to avoid this coping. The larger 
sliops, however, are so equipped tliat tliis coping doi‘s not involve 
an extra operation, and a beam tluit must 1)0 cut to cxa.ct length, 
and has framing augh‘S, can bo coped witliout extra charge. 

Connections of beams to columns wdiere tiny frame centrally 
with the columns are of the general type shown liy Figs. Or> to lOo. 
Idle exact size of angles varies somewhat with tlie column section, 
heeauso the riveting in the framing angles must conform to the 
spacing required for punching the inembers of the cohuun. If tlic 
lieams frame into the column ccceiiirically, no standard forms can 
1)0 followed, but each case must be treated individually. Plate 
and box girders framing into other girders arc generally cojim^ctcd 
by angles riveted to the webs, hcc-aiise ordinarily the d(‘plhs of tlio 
girders will not allow shelf angles underneath. \Vht‘re sucdi 
girders frame to culiimns, liowcver, it is I Hotter to use shelf anglcvS 
with stiffener angles, or shear angli‘s as they are generally culled, 
because this facilitates the. erection by providing a sent upon which 
the girders can rest when swung into ptKsition, and also bt^emise 
side connections would’cause bending stnsssi^s in tlic column, as 
noted on page 112. 

Column Caps, Bases and Splices* \Vlun*o heavy girders or a 
number of beams come over the top of a e.oliimn, tin* (mlumn 
sootion should be made up of such shapiss and of smdi size Unit the 
nietal of the column comes as nearly as possible imdor the nmtal 
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of the beams or girders. If the girder has stiffener angles over 
the bearing, as it generally does, shear angles should be put in the 
column directly underneath. The webs and stiffener angles of 

TOP Plate: of cap op column plan showing relation or bea^ms 

OVER TOP OF COLUMN TO LINE WITH 



SPECIAL COmECTION-3 BEAM GIRDER OVER TOP OF COLUMN 
Fig. 12'T. 

the girders or beams should not bear on an uiisn])porte(I cap ]>lato, 
but this cap plate should be well supporttid by shear plates or 
angles. The above is illustrated by Fig. 127. 

Column splices are not ordinarily designed to carry tbe full 
load oE the upper section through the splice to the lower section. 
Such design would result in splices of considerable length, which 








STEEL CONSTP^UCTION 


129 


ill some cases would be difficult to arrange and always expensive. 
The general practice is to have the top of the section below and the 
bottom of the section above the joint planed to a true surface so 
that there will be a perfect bearing between them. If this is done, 
the load is tiansmitted from section to section by direct compres¬ 
sion just as in the body of the column. However, the splice 
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should be designed to give the column the full strength of the 
uncut section as regards stiffness against lateral deflection. As 
the splice is near the floor beam connections, where the column is 
braced laterally, this can generally be easily accomplished. Types 
of column splices are shown by Figs. 128 and 129. 

Fig. 130 illustrates a connection to column of a beam located 
eccentrically with regard to the column. 

Such connections require an extra number of rivets in addition 
to those required for the direct load in order to resist the tendency 
to rotation due to tbe eccentricity. 

Some of the special types of framing which occur are shown 
by Figs. 131 to 140. 

Where a beam comes below another beam, as shown in Figs. 
131 and 132, a connection such as shown can be used. If the 
load coming on the hanger is such as to require something stronger 
than a channel, a simpler connection will result by using two 
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channels spread far eiioiigli for the connection. to be riveted 

between, as shown by -Fig*. 132, instead of a beam. 

A three-beam g-irder framed to another beam is shown in Fig. 
133. The inside beam can have angles on each side of the web. 
This beam must be j^laced before the outside beams in order to 



mal^e tliis connection. Unless the three beams are spread a con¬ 
siderable distance apart, the outside beams Ciin have an angle on 
only one side of the web ; this angle therefore should be a 
angle in order to get the same number of field rivets as with two 
staiidai'd angles- 

Fig. 134 shows a.beam dropped below the the top of a 24-inch 
beam girder to wbich it is framed. IV'ith these large size g*ii‘ders 
it is often impossible to make a connection so that the beams will 
frame flush with the girder. 

Figs. 135 and 139 show changes in the position of standard 
framing angles on the S.ides of webs of beams of different sizes 
framing on opposite sides of the same girder. These changes are 
necessary in order to use the same holds for both connections and 
to keep the connections standard. . 
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Fig* 136 shows the counectioii of a heain framing partly 
below and above another beam where tlie lower flange has to be 
cut. In such cases the angles which are riveted to the 'Web for a 
bearing should extend back on the web be^’ond the cut for a dis¬ 
tance sufficient to get as many rivets in as ai*e required for cany- 
ing the end shear. Therefore in this connection there should be 
at least twice the number of rivets required to carry the end 
reaction. 

Pigs. 1S7 and 138 show minimum spacings of beams in order 
that connections may not interfere. 

Fig. 140 shows a beam framing on a skew to another beam. 
If this bevel from the perpendicular is more than one inch per 
foot, bent plates should be used rather than angles. 

Eccentric connections differ in form with the special condi¬ 
tions of each case hut they should be so arranged as to distribute 
the load, so far as possible, over the whole area of the column 
section and not entirely on one side. 

The foregoing remarks apply also to the design of cast-iron 
web bases, such as is shown by Figs. 112 and 113. The box of 
the base should have its metal made to conform in position to the 
metal of the column and the ribs and base plate should he made 
of sufficient thickness to form a base stiff enough to distribute 
the column load uniformly without failure. The tendency in 
such bases is to split aftng the line of the central box or across 
one corner, and the ribs serve to brace the lower plate and resist 
this tendency. The same tendency would exist in the case of a 
steel plate riveted to the base of the column and the various 
shear plates and angles used in such eases are for the purposes* of 
stiffening the plate sufficiently to enable it to distribute the load 
without failure. The design of such steel and cast-iron bases 
will be taken up later. 

Roof Details. Some of the forms of framing met with in 
roofs are illustrated by Figs. 141 to 143. If the roof is framed 
entirely with beams for the purlins and rafters, more simple con¬ 
struction will result if the webs are all placed vertical rather than 
normal to the plane of the roof. The two forms of connections 
are illustrated by Figs. 144 and 145. Where the rafters or purlins 
run over the tops of trusses, however, they are frequently normal 



Relation to Other Work. It is generally necessary to 
exercise care in all special connections not to interfere with the 
architectural features, and to keep the connections within the limits 
fixed by such features. Full-size sections and details should 
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generally be out, wliicli 'will determine the exact relation 

of all portions of tlie framing to adjacent construction. Sueli 
details should be followed in common by the structural draftsman 
and the draftsman laying out the stonework or interior finish or 
other adjacent work. 




Inspection. Steel and iron members are inspected in the 
mill, the shop, and on the job. As referred to in the section on 
specifications, the stock from which tlie material is rolled is 
systematically tested to determine whether or not it comes up to 
the requirement of the standard specifications. When it goes 
into the shop a different kind of inspection is required. First it is 
necessary to see that the drawings are accurately followed both as 
regards details and sizes of member’s and as regards measurements. 
The rivets and holes must be accurately spaced and the work 
properly assembled, for if carelessness in such details goes 
unnoted the different members will not go togetlier when brought 
to the job and the whole piece may therefore have to be discarded. 
Secondly, the inspection must cover the quality of the work. 
This latter division applies almost exclusively to riveted' work. 
Some of the impoi'tant points to be noted are the following: 
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The members must be straight and free from twists and bends. 
Punching must be sharp and true and holes must not be more 
than inch larger than the diameter of rivet. Holes must not 
be left with ragged edges after punching. Where necessary to 
get a clean-cut hole, or where required by the drawings, holes 
must be reamed after punching. 

Members wdien brought together to be riveted up must have 
the holes in the different pieces exactly opposite so as not to 
reqiiiie drifting in order to bring them together. When driven, 
rivets must completely fill the holes, and must he of such length 
that, when the head is formed, the pieces will be brought together 
under pressure. Rivet heads must be concentric with the axis of 
the rivet. Column ends or other surfaces specified to be faced 
must be brought to a true surface exactly at right angles with 
the axis of the member. All portions of the material not accessi¬ 
ble after assembling must be painted before being assembled. 

In inspecting cast iron, tests must be made to determine 
whether or not it comes up to the requirements of the specifica¬ 
tions as regards quality. Inspection must also be made to see if 
the material is free from flaws such as blow holes, pockets of 
sand and unequal distribution of metal. Where the thickness 
cannot be measured readily as in the case of columns, small holes 
are bored to determine this. Where columns are cast in a hori¬ 
zontal position, as they generally are, the tendency is for the core 
to sag in the center, and therefore it is better to make this test 
near the center. A sharp blow of a hammer will often indicate 
unequal distribution of metal. A clear metallic ring indicates a 
thin shell and a dull heavy sound a thickness of the shell. If 
the edges are struck with a hammer and pieces fly off under the 
blbw this indicates a brittle texture; a good quality iron should 
show only a slight indentation. Cast iron should be inspected 
also for straightness, accurateness of facing of bearing surfaces, 
and agreement with details. It is better to insi)ect cast iron 
before it is painted in order to the more easily discover flaws. 

Relation of Engineer to Architect* An essential feature to 
he observed in all successful designiing and detailing by the 
engineer, is co-operation with the work of the architect. Tliis 
may seem to the student, at the outset, as a very simple' point and 
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one "whicli will need little special attention. Yet the power to 
fully and quickly grasp the breadth of the architect’s design, and 
its smallest details as well, and to make the structural design to 
fully harmonize with his work, will come only b}" persistent effort. 

In some buildings, the work of the engineer, because of the 
character and purpose of the building, would determine conditions 
and features to which the architect must conform, but in general 
the reverse is true. For this reason the burden of harmonizing 
his work is generally put upon the engineer. 

He must see what has been established by the architect and 
how much he must vary the natural course of his design to con¬ 
form to these conditions. He must often stud 3 ^ long, over what at 
first seems scarcely possible to accomplish without clashing with 
the architect’s scheme. In the working out of such details and 
problems, he will need all his originality. 

Interpretation of Drawings and Specifications. In prepar¬ 
ing the working drawings, the draftsman generally has to do with 
the design of another. To this extent, therefore, he is not respon¬ 
sible for the harmony of the design with the work of other lines. 
He is, however, responsible, if such a conflict of design escapes 
him, for it will be a sure indication that he has not looked at his 
problem from all sides, and in the light of later and more definite 
information which was, perhaps, lacking when the design was first 
made. 

In working up the shop details, the draftsman must start with 
the question constantly in his mind, “ How do I know ? ” He must 
not fix a meiisurement, nor establish the position and relation to 
other parts of a single piece, unless he finds concrete authority in 
the shape of plans, specifications, or written directions for so 
doing. Further than this, he must determine that all the infor¬ 
mation so given is in agreement, for he will be held responsible for 
failure to discover such disagreements. 

There is a great tendency among those young in experience 
to be guided by what appears to be indicated. Drawings are not 
always made to exact scale and the structural draftsman should 
never establish anything by scaling without explicit directions for 
so doing, and should then make a written record of what has thus 
been established. 
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One of the most important instructions which can be given a 
draftsman, is never to jump at couelnsions. Have direct authojity 
for all that is done and be sure your authority is not contradicted 
in some other place. Oral instructions should be at once written 
down, as when once followed, they may become a necessary factor 
in other work. If information is lacking or there is a conihct, 
however small, in any of the information which is the basis and 
authority for your work, refer it at once to some one above you 
who can carry it to the one in authority. 

Shop Practice and Use of Detail Shop Drawings. When 
the shop details are prepared they go first, if the stock list has not 
previously been made, to the stock department, and a detailed bill 
of material required in fabrication is made. This is used either 
‘to make up the rolling lists or the lists of stock to be taken from 
the yard. The next step is tlie making of templates. These are 
patterns in wood of the exact size and shape of each piece, with the 
holes located, so that they can be used to mark out the piece itself. 
Formerly, the template maker did a good deal of the work now 
done hy the draftsman, but in most shops the policy at present is 
to do as much in the engineering department as possible and to 
leave nothing to be worked out in the template room or shop. 

The templates are sent to 'the shop and the material goes from 
one machine to another, being cut to length, coped, mitred, bevelled, 
sheared and punched as required. 

When all the pieces are ready they go to the Assembly Shop 
and are then riveted up to form the finished piece as required by 
the drawings. Each piece has its letter or mark to designate it in 
its passage from the template room to the Assembly Shop; and when 
the whole piege is assembled it has a mark cunfonning to what is 
given on the setting or erection drawing, so that, when received at 
the job, the erectors will know where it goes. 

The final work is the painting, markings invoicing and weigh¬ 
ing and then the shipment. 

Relation of Shop Drawings. The basis of all shop details is 
the setting plan, or erection plan. This shows the framing of the 
floors and roof, genemlly a separate plan being required for each 
floor and one for the roof. This framing plan has all the necessary 
dimensions to fix the location of each piece, the iiumbers or inai*k^ 
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cle&igiiatiiig eacli pltjce, tlie siz'<i of piece, and such uecessarv sec- 
tioii« and notes as are re(|Uii*ed to iix tae reaitioii ot the different 
members and to cover any special features. 

Each piece must ]>e detailed rally, vritli cuts, pmichings, and 
framings clearly shown. Ingtiicraha st: iidanl size beam sheet, col¬ 
umn sheet, and girder .'^Lect ait-used: tiiiss sijcets a.re made to 
standard sizes as far as posj^^ijic Irat o:i account of the different 
types and sizes of tribses, more variation is nucessaiy. 

Only tiiie tier of benuis is put on a ■^uigle sheet e\eii if of 
identical detail; also b'ut one section or cr.linnus is covered by the 
same details. If tlie drawings are going into the mill, a further 
separation of the different sizes and shapes is neces'^arv so that 
materials wliicli have to be made in dihereiit mills shall not be 
detailed on the same sheet. 

Standard Forms. Tlie^specitic types of sheets and details 
will be tal^i up Liter. 

There are standai’d forms of cuniiections which cover all but 
special cases and which are used wherever practicable. 

Figs. 140 to IdSsliOW framed, coped, and bevelfed beams. 

There are certain conventional sizes and sUindards which 
should be known to those who have anything to do with working 
drawings. 

A setting plan can lie so junilded and confused by careless 
arrangement of data, and by poor execution that it %vill take 
longer for the man outlie job or in the shop to determine its inten¬ 
tion than to work out independently wdiat he wants to know. 
The draftsman should aim to put himself in the place of the shop 
foreman or erector, who, wdieu he takes up the work, must rely 
entirely on this plan for all the information. He must aim to 
give all the nocessaij information and give it so plainly that it can 
be quickly seen and cannot be misinterpreted. 

Wail lines are shown by red lines in order not to be confused 
with the beam lines* The walls slio\vn are those upon which the 
beams I’est. For instance, the setting plan of the'first floor beams 
will have the basement \valls shown and the second floor plan will 
have the first story walls showm. Columns are represented by a 
single line indicating the members composing the columns; this 
is illusti'ated by the columns shown in Plate I. It is important to 
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BEAM FRAMED BELOW TOP OF GIRDER 



BEAM FRAMED FLUSH WITH TOP 
OF GIRDER AND COPED TO IT, 
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indicate clearly tne elen:ent.s so as to show which way 

the web of the column sets. 

Beams and girders are indicated hwsingde lines corresj^onding* 
to the center lines of webs of li^anis and bacdcs of channels. AH 
lines indicating the steel members slioiild be heavy black lines. 
Beams framing into a girder or colimi-i are indicated by stopping 
the line of this heam a little short of tiie line of the girder or of 
the column. Where a beam vims over another, the lines indicat¬ 
ing them cross or, if there is likely to be a question, a note is put 
on to this effect. 

Lintel beams are sho^\m on the framing plan of the floor just 
above the opening ; for instaiice, lintels over the first story open¬ 
ings wa)uld be shown on the second floor jjlan. 

Measurement lines are ijut on in red, and should locate all 
bearing walls and all columns and each piece of steel. Beams are 
located by their center lines ; measurements to a channel should 
go to the back. Channels jilaced against a masonry wall are 
generally put with their backs one-half inch away from the 
wall. 

Tie rods are not located hy dimensions on the plans except 
in special cases where a rod must come in a definite position to 
escape some other member. 

The size of beams are marked along the line indicating the 
beam. In cases where there .are a number of beams in the same 
bay of the same size, it is better to use the symbol do ” or write 
the size once and indicate on the drawing. 

Each piece is given a number. The pieces may be numbered 
consecutively or it is the practice in some cases to give the same 
number to all beams which are identical as regards size and detail. 
In ail cases, the number or letter which serves to identify the 
piece should be put on conspicuously as this is what should be 
easily seen when using the plan. 

The size of bearing plates should be specified either at the 
wall end of the beam or by a general note, giving the sizes of 
plates for different sizes of beams. 

The general notes should also give the letter designating the 
floor as A ’’ for first floor, “ B ” for second floor, etc. 

The grade of underside of all beams should be given in the 
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body of the plan or by general notes and the relations of tops 
or bottoms of all beams to each other and to the finished floor 
line. 

Sections should be made showing the framing over windows 
and oi all special connections, and the relation of the different 
members to eacli other. In short, the setting' must be a com- 
jilete and final expression of all the data which lias been gleaned 
from the general plans and specifications, and must be a guide to 
the shop man and the man at the job in fabricating, shipping, and 
putting the frames together. 

Beams are generally marked thus : ‘‘A-No. 125,'' or “ D-No. 56 
the lowest tier of beams being given the first letter m the alphabet, 
and so on in order, or First Floor No. 125, Fourth Floor No. 56, 
and so on. 

Columns are generally marked 1st Section No. 10 ” or “• 3rd 
Section No, 5.^’ Columns are sometimes made in only one story 
lengtlis but more often in two. They are sometimes marked thus : 
Col. No. 10 (0-2) or Coh No. 5 (4-G). 

The joint in a line of colinnns should come just above tlie 
connection of the floor beams. 

nill or 3hop Invoices. These are detailed schedules sent 
out by the mill when shipments are made. They give the desig¬ 
nation of the piece with its weight and all connections and the 
mill marks, also the marks identifying it on the setting plan. 
These invoices are valualfie as showing just what material has 
been shii:)ped and in what eaxr and on wliat date, and also servo to 
fix the weight when tliis is made the basis of payment. A form 
of invoice used by the mills of tlie Carnegie Steel Comi^aiiy is 
given by Fig. 149, 

Estimating. In making an estimate of the cost of steed work, 
the basis is always the weight of stool of different kinds. This is 
determined by takijig from the general or framing plans a detailed 
schedule of each piece r>f steel. As,framing plans are always 
shown to a small scale and include) only tlie general features of 
the framing, this woik requires sjHuual training before it can be 
done accurately and in the most cfliciont manner. 

In taking off quantities, the estimator generally scales the 
lengths as these are not usually given l)y figures. A test of 
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mea^uremeuts given by tiie general plans slmiild be made when 
possible, to see liow nearly to seale the urawi'igs are made. A 
close estimate slionld not vary niueh more than fS! i or Sjf from 
the actual weight, so it wiil be seen that considerable care is 
necessaiy. 
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Individual estiinutoi's Iittve different methods of separating 
the different classes of maternd. 

The following are the general divisions of material: 

I. Beams and channels lo inches ami under. 

Plain beams and channels. 

(h)- Beams and channels, imnehed two or more sizes of 
holes in web. 

id). Beams and channels, x^tiuched in web and flanges. 

(6-). Framed beams and cli<iiinels. 

if 7) Framed and coped beams and channels. 

IL Beams and channels 18 indies an<l above. 

The above divisions apply also to these sizes of beams and 
channels. 

There is an extra charge for all beams and channels over lo 
inches deep, therefore these sizes must be separated. 

Further, all tlie other shapes must be kept separated from 
beams and classified by themselves in a manner similar to the 
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division of beams. For instance, tlie members composing tlie 
columns as plates, cliaiuiels, angles, zee bars, etc., are each ke]jt 
by themselves. 

All connections of beams to girders and columns are charged 
at a different price from ordinary angles or plates, and must there¬ 
fore be figured separately. In a like manner tie rods, anchors, 
beam plates, column bases, separators and bolts all are classified 
separately. 

It is evident that these different divisions cannot be made at 
the time the schedule is taken from the plans, and it is customary 
to take off the material in order as it appears on the plans, and by 
some system of marking designate the class to which the piece 
belongs. The separation is then made when the weights are cal¬ 
culated and the quantities'are being totaled. 

It is also evident that such things as separators, framing, 
connections, sifiiees, and other details cannot be taken directly 
from the X)h'^ns, but must be calculated largely by the judgment of 
the estimator. He must be able to see just what character of 
connection is required in order to classify correctly his material 
as he takes it off. 

Effect of Changes. Changes in details must sometimes bo 
made from causes bejmnd the control of the draftsman. A 
change in the location of certain members, or the general arrange¬ 
ment at a certain point, may make it necessary to revise drawings 
already made and perhaps sent to the shop. In such cases, the 
drawing generally bears the same number and is marked revised. 
In case additional sheets must be prepared, of course new num¬ 
bers are given to them. In sending out a revised drawdng, 
instructions should be sent to have the original sheets returned in 
order that they may all be destroyed and tlius remove all liability 
of the material being made up by the old drawings. Revising 
details already completed and checked are fruitful sources of 
errors. Unless the gretitest care is exercised, the changes made 
will affect the relations to some othej’ members and the details of 
some other portions of tlio work not at first appai'ent. The drafts¬ 
man should have this point always in mind and review all possible 
connections to other work when revising any details. 

Use of Details the Work. The detail drawings must 
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frequently be Urfed hi ui otb^-r work and in 

laying out sueli work, ‘Uitl hjv tk!- n.iryo^r* ilic- dotail drawings 
should contain iiiionnation eVinugh to e-stdLYli the relation of 
the steel to such woikliig as door levels, datum 

line, aslilar line, party line, an 1 .> a*li other lines used in the 
general drawings to e^rahllYi u.- of the diltereiit parts 

of th'i w<»rk. 

FOUNDATIONS. 

There are three general types f#f f-nirdatlor-s. 

(1) Spread f«»iuidataiiis. 

(2) Foundatiuii'* to I>ed rock b;’ j.iers or crii‘‘?u’j'S. 

(3) Pile foundation^. 

The form of foundation u>€d <lepend.> largely on. the charac¬ 
ter of underlying soil, and the 
amount and arrangement of the 
loads and the dex^ths wliich can 
he allowed for foundation. 

Spread Foundations. T]::.> 
general division covers all forms 
of construction in wLicdi the 
foundations are spread out suth- 
ciently, either by off.sets of 
masonry or by steel beam grill¬ 
age, to distribute the load with¬ 
out exceeding the safe-bearing 
capacity of the soil. Fig. 150 
shows a masonry footing and Fig. 

151 a grillage footing. Bearing 
capacity of soils vary consider¬ 
ably and there are no rigid 
limits fixing the allowable bear¬ 
ing values of different kinds of 
soil. Table XIX represents 
good general practice. 

In some localities, notably Chicago, footings, if they are to 
be spread, require the use of beams because of the relatively thin 
bearing stratum, the low allowable bearing value, and the magni- 




- BLOCK STONE FOOTING UNDER COLUrtt 
Fig. 150. 
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of tae lu»i lo r>u »prn'te'l. To offset sueceBsive layers 
of imir^oniy would require ton great a deptli for the thin layer of 
liarrl flay: it tiuirs nt-CfssitatfS tLe use of pfrillage beams. In 
other places either masoniy offsets nr ctrillage could be used. 



r2U:y<? ''< 3 - 
lajvsr daj/ise / 5 ^- 



In Boston the usual soil encountered is a stiff blue or yellow 
clay, 15 feet or more thick and underlaid with a boulder clay of 
varying depth, but generally of from 15 to 76 feet. Under these 
conditions footings for isolated columns are very conimonly made 
by offsetting the masoniy until the required area is gained. In 













LASALLE STATION, L. S. & M. S. AND C., K. I. Sc P. RAILROADS, CHICAGO 
Pile foundation. The view shows the men excavating around the pile heads, and cutting them off to a level ready for the concrete 
foundation to encase the tops of the same. The tops of the piles should always be cut off below the water- 
level, to prevent rotting. Note sheet piling and bracing to retain earth. 

















LASALLE STATION, L. S. & M. S, AND C.. R. I. & P. RAILROADS, CHICAGO 

Steel grillage foundation. The view shows the steel grillage heams resting on concrete, helow which are the piles shown 
Illustration on the opposite page. The grillage beams are to be encased In concrete and receive the bases of the 
columns. This foundation is designed to tahe a very heavy load. 
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some cases the water level and a coinbiiiatiou of footings may 
make it desirable to spread by means of beams. 

Caisson Foundations. In a yielduig soil, or where the area 
available for spread footings is not safficient, or where these foot- 
insfs would be excessive in size, foundations are often carried to 
bed rock. 

The most common method is by the use of compressed air. 
Generally steel caissons, of the size of the pier, are used. These 
caissons have their edges extending below an air-tight door, thus 
forming what is called the working chamber. Compressed air is 
forced into this chamber which keeps out water and soft material 
and enables workmen to excavate. The workmen gain access 
through air-tight shafts with double sets of doors forming an air¬ 
lock between the pressure below and above; thej" of course work 
under the pressure of the compressed air. The material exca¬ 
vated is hoisted up through shafts and the caisson is sunk by 
building up the masonry foundation in the caisson at the same 
time the excavation is going on and this weight sinks it down. 
When the caisson has readied the grade at which it is to rest, the 
working chamber is filled with concrete making a solid founda¬ 
tion. 

Pile Foundations. Piles support their load both because of 
the friction between their surface and the surrounding soil and 
because of resting on solid stratum at the bottom. In some cases 
probably the greatest support is from the friction on the surface 
of the piles. They should be driven into a solid stratum far 
enough to resist any tendency to side deflection. In vsome 
instances, notabl 3 " in old wharf construction, the piles have been 
driven through a soft mud perhaps fifteen or twenty feet, and 
only a few feet into the hard clay below. In such cases the piles 
have deflected under heavy loads, and have assumed an inclined 
position, their tops having moved laterally ten or twelve feet. 
This of course causes failure. 

Piles should be driven with care so as to he kept in line, and 
the blows should not be so heavy as to cause brooming either of 
the head or point. A number of rules are given for driving piles 
and for determining the load they will support. Two rules in 
common use are the following: 
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Baker 

P = 100 W A-f- (dnJj^ — 50 t?] 
W == weight of ram in ton's 
iv — lieigiit of fall in feet 
d zzz penetration at last ]>low in h^et 
yi = [)ressare in tons to ju.st iiiove pile. 

The last huiw must be struck on aound wood. 

Tiau twine 


40 W 

^ --1 -fl2 a 

In determining this last penetration it should be observed 
that the pile must be driven continuously, as, if allowed to stand 
some time between blows the soil becomes settled around the pile 
and the friction thus makes the penetration much less. 

Some authorities advocate driving piles with the bark on and 
some with it off. If the bark is on, the piles should be cut in the 
fall as otherwise the sap between the bark and wood will ulti¬ 
mately cause the two to separate and the pile to slip within its 
bark. 

The building laws of some cities require the piles to be 
camped directly with granite levelers; most authorities, however, 
prefer a thick bed of concrete encasing the heads of the piles and 
capping them at the same time. 

The factor of safety should be from 2 to 12, varying with the 
accuracy of the knowledge of the loads to be carried and with 
the closeness with which the formulae used fits the conditions of 
the special case. Pig. 152 shows a footing supported by piles. 

Fundamental Principles. The essential points iii the 
design of foundations is not to overload the soil so as to cause 
excessive settlement, and to so arrange and distiibute the loads as 
to cause the settlement to be uniform. Some settlement is practi¬ 
cally sure to occur in almost all cases, but unequal e-=^ttlement 
causes strains in the structure and cracks in the masonry. 

If the supporting power of the soil is nearly uniform ove? 
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the whole area of the building, the first problem is to determine 
tlie amount of load on each footing. This is not as simple as 
would at first aijpear. Xot only is it uncertain just how much 
live load will be carried, bat also what prox-)ortioii of the whole 
building will be loaded witii this live load. 

Fui’thermore the dead load carried hy the columns support¬ 
ing the walls forms a much larger 
proportion of the total load on 
these columns than does the dead 
load carried b}-the interior colnmns. 

The different proportion of loading 
on the columns must, therefore, be 
brought to a common basis by 
some assumption. In the case of 
office buildings, the actual live 
load which I’eaches the founda¬ 
tions is probably a small iDroportion 
of the total live load calculated 
over the whole area of all the 
floors. Moreover, the building lias 
considerable time to settle from its 
dead load before any live load 
comes upon it. In order, therefore, 
to harmonize the settlement be¬ 
tween wall and interior columns it 
is better to use as a basis the dead 
loads and a certain percentage of 
the live loads—say 25 per cent. 

A table should be made of the dead load and 25 per cent of the 
live load of each column footing. The areas should then be made 
such that these loads on the soil would be the same per square foot 
in each case. Care must be exercised that in so doing, the total 
load of dead and live, or if the building laws under which the 
work is done permit of a reduction in live load, that this percent¬ 
age of live and dead does not bring tlie load per square foot above 
the specified amount. In general, this will not be the case if the 
column footing, in which the proportion of dead plus 25 per cent 
live to the total load is the least, is first proportioned for total load 
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CONCRETE AMO PILE FOOTIMG UMOER COLUMTt 

Fig. 152. 
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and tlie others then made prop-rtional to it. The following 
example will iliustiate this point. 

Problem. Suppose columns as follows : 

Xo. 1 Dt;ad-r2.j " ii ve=407,000. Total load=0‘i0,000 

No. 2 25 . nvt‘=/J'>,0D0. Total load=245,000 

No. 3 Dead—25 5 live=27o,0u0. Total load=405.000 

Maximum allowable bearing on soil from total load to be 
5,000 poiuicls per square foot. 

In No. 1 the clead-r^S^ live is 64.5% of the total load on this column. 

In No. 2 the <Iead-r25 j live is SO % of the total load on this column. 

In No. 3 the deati~25% live is 5'J 2% of the total load on this column. 

If then, we take column Xu. 3 as the basis we have the 
required area equal to 405.000 divided by 5,000 or 93 square 
feet. This gives 2.960 pounds per square foot from the dead -f- 
25% live load. 

ForXo. 1 in order to have the pressure from the dead + 25 % 
live the same as in No. 3 we shall require 407,000 divided by 
2.960 or 187.5 square feet. This area gives 4,560 pounds per 
square foot pressure from the total load. 

Ill column Xo. 2 we have 196,000 divided by 2,960 or 66 
square feet required, and the pressure from the total load is 3,700 
pounds i:)er square foot. 

A further provision which must be made is to bring the 
center of gravity of the resisting area, or loaded area, coincident 
with the axis of the load. The same principle of a strut eccentric* 
ally loaded applies to a footing in which eccentricity of loading 
exists. In such a case equal distribution on the soil is impossible 
as the side on which eccentricity exists will always be loaded the 
most. Furthermore, a bending moment, as in. a strut similaiiy 
loaded, will occur in the foundations, and even a slight eccentric¬ 
ity, if the load is considerable, will cause heavy strains in the 
footing. This latter point is sometimes difficult to accomplish 
because of the restidcted area available for the footings. In some 
cases the loading and bearing capacity make it necessary to com¬ 
bine the footings of several columns, or the necessity of combin¬ 
ing the foundations under an old wall with new footings, or 
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of piOTr icling foi u iiitiirB wfill or column on tlie Stim© foot¬ 
ing, or of keeping the footing for a column in a part 3 ^ wall 
entirely’ within the party line,— an\' or all of these conditions may 
make it impossible to fulfil exactly* the conditions 2)reviouslT men¬ 
tioned. Departure from these principles should he as slight as 
possible, and when necessary direct iirovision should be made for 
the additional strains consequent thereon. 

The necessity’ of keeping footings inside of yavij lines, and 
the desire to make the axis of load conform to the center of grav¬ 
ity of area, sometimes results in the use of cantilever construction. 
These cantilevers are in some cases laid directh' over the beams 
forming the grillage in the footing. This construction makes the 
actual point of application of the loads uncertain as aiij^ deflection 
would tend to throw the load on the outer beams. A better con¬ 
struction is the use of a shoe with a pin bearing. 

Improvement of Bearing Power. The siqiijortiiig power of 
all soils is improved by compacting, by mixing sand or gravel or 
by driving piles which prevent the spreading of the soil as well as 
compacting it. Drainage of a wet soil also greatly improves its 
bearing power. 

The following table taken from Baker's “ Treatise on Masonry 
Construction,” gives values for general use in determining the 
bearing power of soils : 


TABLE XIX. 


Clay in thick beds, always dry . . . . 
Clay in thick beds, moderately dry . . 

Clay soft. 

Gravel and Coarse Sand, well cemented 
Sand compact and well cemented . . . 

Sand clean and dry. 

Quicksand, alluvial soils, ©to __- * 


Safe Bearing Power 
Tons per Sq Foot, 


4 to 0 
2 to 4 

1 to 2 
8 to 10 
4 to 6 

2 to 4 


--- _ 


The beaiing power of clay depends largely” upon the degree 
of moisture. 

Foundations on clay, containing much water, and nndrained, 
are liable to settlements from the escape of the water either by 
djacent excavations, or by the squeezing out of the water. 
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iloiiJt eluv in iiic-inied .strata iri luible to s^lide wlieu loaded. 
Ciav mixed with sand or gravel will bear more load than inire 
clay. Sand will bear more load than ordinary clay, and wlieii hr 
Ireds of safficient t1iiebnes& and extent to prevent running, will 
bear heavy loads with little settlement. Sand sufficiently fluid to 
run, as quicksand, cannot be easily employed to carry foundations. 

Grillage Foundations. The simple grillage foundation is 
illustrated by Fig. 1.51. The method of ctdeulating the beams 
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Fig. 133. 


DIAGRAM OF DISTRIBUTION OF COLUMN 
LOAD on craLLAGE FOOTIMG 


composing the grillage involves assumptions as tx> the conditions 
of distribution of loading and stresses. One method is given in 
Cambria, Page 268. This method involves the as.sumption tliat 
the beams can deflect from the line of axis of columru Such a 
condition, however, would lead to the cast-iron base bearing at its 
outer edges only; this would involve strains for which these 
bases are rarely designed. Another assumption and one more in 
harmony with the assumption of the ordinary beam theory, is that 
the beams of the upper tier are fixed for the portion under the 
column base. Under this assumption the load is distributed uni- 
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forinly by the upper tier and the stress in the free portion is 
calculated by the formula for a beam fixed at one end and fi*ee at 
the other. 

Referring to Fig. 158 ; suppose the column load is P, and 
by the principles already given the extreme dimension^ of footing 
are L and U in feet. The length of the beams in the two tiers 
can be taken as L and L' also. Then if b and 7/ are the dimen¬ 
sions ill feet of the column base, and the beams in the upper tier 
are placed the same width out to out of flanges as the column 

base, ——?= projection of the upjier tiei', and projection 


of the lower tier. The load per square foot on the upper tier is 
p 1 . P 

The moment in inch pounds, 


b' L 


and on the lower tier is 


LL' 


therefore, is M = X X ^ ^ X 12 

P 

= f X jj (L — b')^ for the upper tier 

and M' = ^LL/ ^ —2— X 12 

P 

== f X ^(L^ — 5^)2 for the lower tier. 


These formulas give the total moment borne by all the beams 
in the tier. The number of beams is generally determined by the 
dimensions of the footing, the beams of the upper tier being 
placed with their flanges generally not much more than 6 inches 
apart in the clear, and those of the lower tier from 6 inches to 12 
inches. The number of beams being determined, the moment 
each bears is obtained by dividing the total moment by the num¬ 
ber of beams; and by dividing this individual moment by the 
allowable fibre stress the .required, m n inen t. of resistance and . 
hence the size of beams is obtained. Since the conci'ete and steel 
act together, a higher fibre strain can be safely allowed; this 
should in general be not more than 20,000 pounds per square inch, 
however. 

Some trial and reproportioning of dimensions may sometimes 
be necessary to keep within the limits of depth and number of 
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beams desired. Grillage beams in foundations should have t e 
eottcrete thoroughly tumped around them, and it is preterab e 
that the steel should be coated with neat cement instead of a coat 



The following problem will illustrate, the method of proce¬ 
dure in the case of combined footings. 

Suppose two columns loaded and spaced as shown by Fig. 
154, and let the allowable bearing on soil be 5,000 pounds per 
square foot. Let the dimensions of the footing be 20'— O" X 

_O"=220 square feet. The determination of the size of base is 

largely a matter of judgment and depends upon the amount of 
load and the degree of spreading necessary to keep the size of 
grillage beams, or masonry offsets, within the limits which aie 
economical. Suppose in tliis ease the base is 3^ (l^X 3' 6. The 

. . „ , 1 , 100,000 

load per square foot in the upper tier is therefore ^ g 5 — 

16,714 pounds. The moment on this tier will be a maximum 
either at one of the columns or at some point between them. The 

. 600 , 000 x 11 „ 4.1 

center of gravity of load is l^ioo,000 — 6, or 6 feet fiom the 

Ughter load. This fixes the projection of the footing beyond the 
loads as 4 feet from the light load and 6 feet from the heavy load. 
. The beams between the column loads are in the condition of a 
beam fixed at the ends and loaded with a uniformly distributed 
load. The moment may therefore be taken as approximately | of 





STEEL CONSTRUCTION' 


155 


that for a beam simply supported. The moment between the 
columns will be a maximuni where the shear is zero. To deter¬ 
mine this start from one end, say the left-hand end, and deter¬ 
mine the distance to the point of no shear by dividing the 

concentrated load by the load per hnearfoot; • - =10,9. 

0 0,000 

If the load is assumed uniformly distributed over the upper tier 
the greatest moment outside of the column load will he at tlie end 
having the greatest free length. The maximum moment there¬ 
fore in this case will be at the edge of the base plate of the column 
at'the left-hand end or 10.9 feet from this end. Call these 
moments M and respectively. 


M = I X 55,000 X 3.25 X B-25 X 12 
= 3,487,000 inch pounds 

and = | X [55,000 x 10.9x5.45 — 600,000 X 5.9] X 12 
= 2,181,800 inch jpounds. 


If the allowable fibre strain is taken at 18,000 pounds per 

3,487,000 


square inch, the required moment of resistance 
194. 


18,000 


The offsets in masonry footings can be determined by the 
formula for a beam fixed at one end and loaded uniformly. A 
general practice and one in fairly close accord with the results of 
the above formula is to draw lines at 60 degrees with the horizon¬ 
tal from the edges of the column bases and where these cross the 
joint lines (the thickness of the courses having been assumed) 
will be the vertical face, of the course. When the structure is of 
such a character that wind load affects the foundations, this 
must be considered in addition to the other live loads. Such 
cases would be narrow and very high buildings, chimneys, monu¬ 
ments, etc. 

While the concrete and imbedded steel beams in a footing 
are undoubtedly much stronger than the simple beams, it is not 
customary to figure tbe beams in such cases by the theory apply¬ 
ing to steel imbedded simply in the tension side of concrete. Foot¬ 
ings of this character are employed sometimes and their design 
will be taken up later. 
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Cantilever Foundations. Xliecasc of cantilever coiistiuctioii 
supporting a party wmU is illustrated in Fig. loo. Let P be the 
\\-!iil column load, a the distance in feet from wall column to the 



fulcrum to column at opposite end of cantilever. Then the load 

oj, fulcrum is — ^ 1 ^ The distance (x should be taken so that 

the fulcrum can be at the center of the footing and still keep 
■within the party lines. Sometimes this cannot he done, and then 
the footing has to be designed to take account of this eccentricity 
of bearing. The cantilever is designed by determining the maxi¬ 
mum moment and shear. The maximum moment in the above 
ease is at the fulcrum and is Pa in foot pounds. In case the 
girder is a riveted girder, as is often the case, other features must 
be considered in its design, as will be explained later. 

In case the cantilever is in the floor, us it sometimes is, as 
shown by Fig. 156, and in addition to the wall column, carries a 
floor load, then the position of maximum moment must be deter- 
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mined in a manner similar to that explained for combined footingcs. 
The connection of the cantilever at the interior column must be 
designed to resist this upward tendency and in case the reaction 
from the dead-wall load is greater than the dead load carried by 
this column the cantilever arm should be extended to the next 
column so as to decrease this reaction ; or the colnmii must be an¬ 
chored and all connections designed to resist this upward reaction. 



Fig. 156 shows also a steel concrete retaining wall to hold up 
the earth under an adjoining building which foots some dis¬ 
tance above the new foundations. 

Fig. 157 illustrates the case of a party wall foundation 
designed to carry a future wall column for the adjoining building 
and the column of the' present building. The eccentricity of 
bearing is shown in this case, and this and the necessity of spread¬ 
ing in the direction of the wall rather than across it are the 
important features. 











STEEL CONSTKUCTION 


!59 


The matter of design of foundations is one always requiring 
accurate knowledge of the special conditions incident to the proI> 
lem and the nature of the soil, and is largely influenced by prac¬ 
tical considerations and the judgment of the designer. It is not 
safe to lay down any fixed xalues to be followed in aU eases. 
Foundations in soil which are at all questionable, should never be 
designed except by an expert, who is capable of judging the extent 
to which the ordinary methods of procedure must be modified. 

Retaining Walls are walls built to resist the thrust of earth 
pressure. These walls may also be bearing walls for loads above. 
The pressure of earth tends to cause failure of the wall in the 
following ways: 

(1) . To slide on its base, 

(2) . To slide on some horizontal joint. 

(3) . To overturn bodily. 

(4) . To fail by buckling. 

To resist the tendency to slide on its base, the dead weight 
of the wall, or of the wall and the load it carries, must be sufficient 
to resist the horizontal pressure without exceeding the coefficient 
of friction between the material of the wall and the surface upon 
wliich it rests. 

To resist the second tendency the weight above any joint 
must be sufficient to resist the pressure above the joint without 
exceeding the coefficient of friction of masonry upon masoitry. 

The overturning moment of the earth pressure about the 
edge of rotation must be balanced by the moment of the weight 
of the wall and of the superimposed load about the same edge. 

The fourth condition applies only to retaining walls supported 
at their tops and built generally of concrete and steel. A retain¬ 
ing wall so supported would have to resist tension in one side 
and, as a masonry joint is not intended to resist tension, such 
construction involves the use of steel. Such construction is 
becoming more common on account of the saving in space due to 
the-thinness of the wall. In Fig. 156 is shown such a wall. 
The tensile strength is supplied by the beams running horizontally 
and the twisted vertical rods. 

The resulting pressure due to the thrust of the earth and the 
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term applies to all bracing of okl walls or adjacent coi:struction 
diiriijg the coiistruetion of tlie new work, whether the wall is 
under-diin'-d or not. 

Where a mass of earth is to he held in place to enable new exca¬ 
vation to be made without disturbing it, heavy planks set edge to edge 
are driven down as the excavation x^roceeds, and braced at inter¬ 
vals by breast pieces or heavy timbers to keep the plank from 
bulging under the pressure of the earth. This construction is 
called sheath x^iliog. The planks, generally, are x>ulled out after 
the wall, which is designed to xjermaneiitly hold the earth in place, 
is built; sometimes, however, it is left in place. 

HIGH BUILDING CONSTRUCTION. 

Origin of the Types. Iron has been employed extensively 
in buildings for many years. The first building in this country 
of what is now known as the skeleton type of eonstruelion, was 
the Home Fire Insurance Companj^ Building, built in Chicago in 
1SS8, of which Mr. W. L. B. Jenney was the architect. 

As this was an eiDOch-inaking event, it is inix^ortant to know 
a few of the details of this building. In an account published in The 
Engineering Recoid of January 6, 1894, Mr. Jenney says: “The 
Xorobleni presented by them was to so arrange the openings that 
all stories above the second or bank floor could be divided to give 
the maximum number of small of&ces — say about 12 feet in 
width — each with its windows conveniently placed and sufficient 
to abundantly light the entire room. The work was planned 
quite satisfactorily, but the calculations showed that a material 
with very much higher crushing strength than brick was neces¬ 
sary for the piers. Iron naturally suggested itself, and an iron 
column was placed Inside of each pier.” The chief departure 
was in making the columns bear all the loads, the walls between 
the piers supporting only then* dead weight for a single story in 
height. Mr. Jenney states that the difficult ; rhich was feared 
from the expansion and contraction of the iron ^i)lunms led to the 
supporting of the walls and floors independently on the columns. 
The columns were of cast iron of box section, and the walls were 
supported on cast-iron box lintels, resting on brackets >n the 
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columns. The tloor loads were carried by iron beams, although a 
few Bessemer steel beams were used, these being the lirst to be 
used ill this country. 

Since the connections were by bolts, the beams were con¬ 
nected togetlier by a bar running through the cast-iron columns, in 
order to secure a more X'igid frame. 

Tiie chief advance- from that day is in the substitution of 
steel for all members in bigh-building construction, and in the 
development of details in the connections of the members. 

Types in Use. Tliere are three main types of high build¬ 
ings: 

1. The class in which the exterior walls are self-supporting, 
and are designed also to support the ends of the girders carrying 
the floors. The floor loads inside the walls are carried by steel 
beams and girders framed between steel or cast-iron columns. 

2. In the second class, the exterior walls ai'e self-supporting 
but the wall ends of floor girders are carried by steel girders and 
columns. 

3. In the third class, the steel frame is a complete unit in 
itself, and carries all floor loads, and, also, the load of the walls 
themselves. This latter is the pui’e skeleton type and the more 
common form of construction. 

Effect on Foundations. The different types have an impor¬ 
tant effect on the design of the foundations, and in some cases fix 
their character. 

In the first type, the benefit of isolated columns with inde¬ 
pendent foundations is largely lost, as unequal settlements in the 
walls themselves and in the walls and columns are likely to 
result. 

In the second type, as all loads are carried on columns which 
have isolated footings, more equal settlement will probably result, 
and in the event of the walls settling unequally with respect to 
the columns, would not affect the steel frame. 

In the third class all foundations are generally in effect of 
the character of isolated piers which can be proportioned to give 
nearly uniform settlements. 

When a party wall makes it desirable to keep all foundations 
inside of the building by means of a cantilever construction it 
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weight of wall and su]jei*lmposed load must fall within the base in 
order to give equilibiinm, and within the middle third of the base 
to avoid tension on the masonry joints. Figs. 158—159 show 
ypes of -■ctainir.g walls. 



Underpinning Shoring and Sheath Piling. Underpinning 
is the term given to the processes of carrying down old founda¬ 
tions or walls adjacent to new construction to the level of the new 
construction. 

It very often happens that footings of new buildings will be 
twenty or thirty feet below the bottom of the footings of the 
walls of an adjacent old building. To leave the old footings at 
this higher level after the excavation of the new building is 
made, would necessitate making the wall heavy enough to act as 
a retaining wall, to resist the pressure on the soil hack of it. It is 
generally more practicable, therefore, to hold up the old wall 
temporarily by timber braces, needles, wedges, etc., and build new 
work up under it from the level of tlie footings of the new 
buildings. This new foundation under the old wall is called 
underpinning, and the construction necessary to hold it in place, 
during the process of underpinning, is called shoring. This latter 
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term aj>plies to all bracing of old walls or adjacent co;:struction 
during the construction of the new work, whether the wall is 
underpinned or not. 

Where a mass of earth is to be held in place to enable new exca¬ 
vation to be made without disturbing it, heavy planks, set edge to edge 
are driven down as the excavation proceeds, and braced at inter¬ 
vals by breast pieces or heavy timbers to keep the plank from 
bulging under the pressure of tbe earth. This construction is 
called sheath piling. The planks, generally, are pulled out after 
the wall, which is designed to permanently hold the earth in place, 
is built; sometimes, however, it is left in place. 


HIGH BUILDING CONSTRUCTION. 

Origin of the Types. Iron has been employed extensively 
in buildings for many years. The first building in this country 
of what is now known as the skeleton type of construction, was 
the Home Fire Insurance Company Building, built in Chicago in 
1888, of which Mr. W. L. B. Jeimey was the architect. 

As this was an epoch-making event, it is important to know 
a few of the details of this building. In an account published in The 
Engineering Recoid of Januaiy 6, 1894, Mr. Jemiey says: ‘‘The 
problem presented by them was to so arrange the openings that 
all stories above the second or bank floor could be divided to give 
the maximum number of small offices — say about 12 feet in 
width — each with its windows conveniently placed and sufficient 
to abundantly light the entire room. The work was planned 
quite satisfactorily, but the calculations showed that a material 
with very much higher crushing strength than brick was neces¬ 
sary for the piers. Iron naturally suggested itself, and an iron 
column was placed inside of each pier.*' The chief departure 
was in making the columns bear all the loads, the walls between 
the piers supporting only theii' dead weight for a single story in 
height. Mr. Jenney states that the difficult ; rhich was feared 
from the expansion and contraction of the iron ^^lumns led to the 
supporting of the walls and floors independently on the columns. 
The columns were of cast iron of box section, and the walls were 
supported on cast-iron box lintels, resting on brackets m the 
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columns. Tlie lioor loads were carried by iron beams, although a 
few Bessemer steel beams were used, these being the tirst to be 
used ill tills coiintrj^ 

Since the connections were by bolts, the beams were con¬ 
nected together by a bar running through the east-iron columns, in 
order to secure a more rigid frame. 

Tiie chief advance- from that day is in the substitution of 
steel for all members in high-building construction, and in the 
development of details in the connections of the members. 

Types in Use. There are three main types of high build¬ 
ings: 

1. The class in which the exterior walls are self-supporting, 
and are designed also to support the ends of the girders carrying 
the floors. The floor loads inside the walls are cariled by steel 
beams and girders framed between steel or cast-iron columns. 

2. In the second class, the exterior walls are self-supporting 
but the wall ends of floor girders are carried by steel girdei's and 
columns. 

3. In the third class, the steel frame is a complete unit in 
itself, and carries all floor loads, and, also, the load of the walls 
themselves. This latter is the pure skeleton type and the more 
common form of construction. 

Effect on Foundations. The different types have an impor¬ 
tant effect on the design of the foundations, and in some cases fix 
their character. 

In the first type, the benefit of isolated columns with inde¬ 
pendent foundations is largely lost, as unequal settlements in the 
walls themselves and in the walls and columns are likely to 
result. 

In the second type, as all loads are carried on columns which 
have isolated footings, more equal settlement will probably result, 
and in the event of the walls settling unequally with respect to 
the columns, would not affect the steel frame. 

In the third class all foundations are generally in effect of 
the character of isolated piers which can be proportioned to give 
nearly uniform settlements. 

When a party wall makes it desirable to keep all foundations 
inside of the building by means of a cantilever construction it 
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ELEVATION OF STEEL FRAME, SHOWING WIND-BRACING OF OFFICE BUILDING FOR THE 
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can be more readily done in buildings of the third class than in 
any other type. * ^ 

Effect of Wind Pressure. Probably the most distinctive 
problem in high-building construction is the provision for lateral 
strains in the framework, due to wind pressure. The amount of 
these strains varies, of course, with the relation of the height of 
the building to the dimensions of its base and to its exposure on 
different sides. In the earlier designs, much more complete pro-* 
vision was made for such strains than is now the practice. The 
laws of some, cities, Chicago and Boston for instance, now limit 
the height to about 125 feet above the street. In other cities, 
notably New. York, buildings of 350 feet or more are allowed. 
In New York, in buildings having an exposed height of four times 
or less the least dimension of the base of the building, no special 
consideration of wind strains is proscribed. 

In buildings where the walls are of solid masonry construc¬ 
tion and of moderate height, it is not necessary to consider the 
effect of wind pressure, as the dead weight of the masonry and 
the stiffness afforded by cross walls and partitions are sufficient to 
resist the effect of the wind, under ordinary conditions. With 
the light steel skeleton buildings carried to the height of the modern 
buildings, the elasticity of the steel frame makes it necessary, 
under certain conditions, to consider wind pressure. The walls 
being merely thin coverings, and the partitions also thin and not 
bonded to the walls, it is apparent that the frame itself must pro¬ 
vide all the resistance. 

The effect of wind blowing against the exposed surface of a 
building is 

(1) To produce an overturning moment tending to tip the 
whole building over, 

(2) To shear off the connections of the columns to each 
other, and to cause the floors to slide horizontally, 

(3) To sKde the whole building horizontally on its founda¬ 
tion, 

(4) To twist or distort the frame. 

In buildings of usual proportions of height to h^e, the dead 
weight, even in the skeleton type, is sufficient to iresist a bodily 
overturning. Some buildings have been built, however, that are 
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almost of tlie cliaracter of towers or monuments, where this effect 
must be considered, and provision made for it, l>y anchoring to the 
foundations. The action under such conditions will be under¬ 
stood by referring to Fig. 160 which shows the outline of a nai’" 
row building, having columns only in the walls. The building 
would tend to tip about the side opposite to that upon which the 
wind is blowing, and the columns on the wind side would be in 
tension, due to the action of the wind. If the load on these 
columns due to the weight of construction and a small percentage 
of the live load, to cover weight of fixtures in the old buildings, 
were less tlian this tension, the difference would constitute the 
strain on the anchorage. If the building were safe against over¬ 
turning, it would ordinarilj’ be safe against sliding bodily, as will 
be seen from the following consideration: 

Suppose a = the width of base 

li = the height above ground 
^7 = the wind pressure per square foot 
w = the dead weight necessary to resist overturning 
f = the allowable coefficient of friction on the 
foundations 
h = length of building 

Then assuming the whole sui*face acted upon by the wind, and 
the weight of the building acting through its center of gravity 

phJi^ 

w =- 

a 

Ill order, therefore, fur the building of the above weight to slide 
f w =z h k 

p h k a a 
ph li^ . 

As the allowable coefficient can safely be taken at .40 this means 
that for the sliding tendency to be considered the width of base 
must be .40 or more of the height. 

Buildings in which the overturning effect would need to be 
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eonsi<Iered would have a base much narrower than .40 the height 
so that it is safe to sar a narrow buiklliig, if safe against overturn- 
ing, would be safe against slidmg. 

A further ijoiiit in this connection is, that ordinarily, the 
columiis do not stop at the ground level, but extend below and 
therefore have the resistance of the adjacent ground against 
sliding. 

The tendency to shear the connections, and to twist and dis¬ 
tort the frame, are ordinarily the most important features of wind 
pressure and these effects are always present in a high building 
exposed to wind. The connections necessary for framing the 
fioois and columns may sometimes of themselves be sufficient to 
provide for these strains ; in other eases special provision must be 
made. 

Wind Bracing. Where special provision has-been made it 
has generally been by vertical bracing between columns, either in 
the form of diagonal members, similar to the web members of a 
truss, or by portal bracing in the form of a stiffened plate arched 
between columns, or by knee braces between the columns and the 
horizontal members. A modification of the two latter forms has 
of late years resulted in using a deep girder at the floor levels, in 
the wall's between columns. These different types of bracing are 
illustrated by Figs. 160 to 163. Their calculation will be con¬ 
sidered later. There is always some vibration in high buildings 
exposed to a severe wind, as has been shown by plumb lines hung 
in shafts from the top of the building. 

The wall covering being carried by the steel frame has 
greatly changed the methods of erecting a building. Now, the 
frame is carried up a number of stories, perhaps to its full height, 
before any work on the walls is commenced. It may then be 
started at the sixth floor just as well as at the first. The frame is 
also used as anchorage for the derricks used in erection. The 
designer or draftsman has, perhaps, little to do with the methods 
used in erection, but a thorough knowledge of the conditions and 
general practice which prevails should enable him to arrange the 
framing so as to facilitate and aid in the rapidity of the erection. 

It is not often tliat a complete system of diagonal braces can 
be used in the exterior walls, on account of interfering with the 



STEEL COXSTRUCTTON 


167 


window openings; they are sometimes introduced in the interior 
walls or partitions. Portal bracing while formerly used to some 
extent is but little used now. Knee braces and deep stiff girders 
or struts at the floor levels, are the more common types of bracing. 
Portal braces, while forming a rigid frame wdthout interfering 
with the openings inwalls, have the disadvantage of being difficult 
of erection, expensive, and they induce heavj" bending strainshn the 
portal itself and in the columns. 

Fig. 164 shows the Penn Mutual Building of Boston, during 
construction, of which Messrs. F. C. Roberts & Co., and Mr. 
Edgar V. Seeler of Philadelphia "were the architects and engineers. 
This photograph shows the deep girders at each floor level which 
serve not only to carry the loads but as wind bracing. 

The student should also notice the method of supporting 
staging independently from any floor, and the masonry supported 
independenth' at each floor, as shown at the fourth floor. 

Figs. 16f5, 166, and 167 give interior views of the same 
building. The floor system was put in by the Eastern Expanded 
Metal Co. and consisted, in general, of a slab 7 inches thick re¬ 
enforced continuously at the bottom by S-inch No. 10 expanded 
metal, and also at the top for about four feet from the ends. 
There were also.J-incli round rods heat over the tops of the girders 
and running down to the bottom of the slab at the center; these 
rods were used eveiy six inches. 

The span of these floor slabs is 17' — 6." 

These views show also the method of wrapping the columns 
and flanges of beams with metal lath and plastering. 

The student should note, also, the appearance of the center¬ 
ing shown by B'igs. 166 and 167, and of the concrete where* the 
centers are removed; the grain of the wood is shown clearly 
marked in the concrete. 

Fig. 168 shows the Oliver Building, Boston, during construc¬ 
tion, of which Mr. Paul Starrett was the architect. 

This photograph shows clearly the practice of leaving the 
masonry down for one or more stories and building the stories 
above. It also shows the iron fascias set in place in the upper 
stories; this is done in advance of the masonry so that the 
masonry will flt'more accurately and neatly around them. 






















Fig. 165. 
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Fig. 166. 
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Fig. 167. 
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The cornice brackets and framing- are slio\\'n in place ready 
for the cornice when the building shall have rea<3hed this ^tage. 

niLL BUILDING CONSTRUCTION. 

This term must not be confused with mill construction.” 
The latter term applies to what is sometimes called “ slow burnuig 
construction.” This is a construction which is the result of the 
standardizing of requirements and recommendations of the Insur¬ 
ance Underwriters. It apjdies to a construction in which the 
walls are of brick, the interior posts of hardwood and of a size 
geuerall}^ not less than 8 inches, the floor of heavy wooden 
girders with hard-wood floor timbers spaced about 5 '— 0" center to 
center and 3" or 4" of hard-wood floor planks; while this con¬ 
struction is largely of wood the size of the timbers makes them 
slow burning to a certain degree. Modifications of this construc¬ 
tion in varying degrees exist, in which steel re23laces some of the 
wooden members, and from this to the all steel and brick construc¬ 
tion. In some cases the spacing of columns and required floor 
loads make it desirable to use steel or iron columns and steel 
girders, the floor beams remaining wood, however. In other 
cases crane loads and other special requirements make steel mem¬ 
bers more advantageous than the wood. The possibility of reduc¬ 
ing the brickwork to a minimum, by carrying all loads on a steel 
frame, and thus giving large window areas, caused a further 
development of. the steel mill construction. Underwriters object 
to steel framed mills where the steel is left unprotected and thus 
exposed to speedy collapse in case of fire. The additional cost of 
fire-proofing generally results in its omission, however. 

Special Features. Mill building, and by this term is included 
machine shops and all classes of manufacturing buildings, must 
always be treated according to the requirements and conditions 
peculiar to the ease. Details and capacities cannot be as well 
standardized as in the case of other classes of buildings, because 
there are generally features or combinations of features iDeculiar £o 
the case. Tor this reason, the required loading should be accurately 
determined and the details oarefuUy studied. Heavy loads should 
be brought directly on columns or over girders if possible, rather 
than supported by shelf or side connections. 
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^Vliere tlie building is of the f>lied eonstractin'i, tluit is, witli 
no floors or a reiy high first story, special provision for strains 
must be made. Trusses are generally connected rigidly through 
their whifle depth and also by knee braces to the columns. Wind 
struts at the eaves and at intervals between tliese and ground are 
provided. -.4 continuous brace at the ridge, and diagonal bracing 
in certain bays between the trusses is required. With certain 
types of l)uilding 3 , longitudinal trusses or braces between the 
main braces are also required. Before details of the different con¬ 
nections met with in this class of construction can made, the 
student must become familiar with the general types of construc¬ 
tion. While only a few of the more common forms can be given, 
they will ser^’-e as a basis for more complete'study of the different 
types. 

Fig’S. 169 to 174 show general features and details of a build¬ 
ing of the shed type. 

Fig. 109 shows the side framing, the openings, diagonal brac¬ 
ing, eave strut and columns. 

Pig. 170 shows a plan of th^ columns and trusses, and the 
bracing between. Fig. 17 2 shows the end-wall framing, and Fig. 
171 is a cross-section showing the type of trusses and the bracing 
to the columns. 

Fig. 178 shows a detail of the walls and the columns. These 
walls are for protection against weather only, and are not designed 
to stiffen the steel frame which is sufficiently braced together 
itself. 

Fig. 174 shows the anchorage of the ends of the trusses if solid 
walls were used in place of the steel wall columns. 

Figs, 175 to 177 show a machine shop steel frame with pin 
connected trusses. Greirerally trusses of this character are riveted, 
but occasionally they are pin connected. 

Fig. 175 shows the cross-section with low wings along the 
side walls and a high central portion to provide room for a travel¬ 
ling crane. This central portion is lighted by a monitor at the top 
as shown; the windows in the end walls are also indicated. 

The columns are braced together and to the trusses and the 
whole frame is self-supporting. The crane runs on a track girder 
which is supported by a separate column. This is of advantage 
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because it allows the column to be placed directly under the load 
instead of on a bracket which would cause heavy eccentric load¬ 
ing. 

Fig. 170 shows a partial elevation of the side. The columns 





Fig. 181. 
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Fig. 182. 


are placed under every other truss only; the intermediate cross 
trusses are therefore supported by longitudinal trusses shown by 
Fig. 176. These trusses serve also to give the necessary lateral 
stiffness to the frame. 

Fig. 177 shows a detail of the ends of these trusses and the 
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connection to the columns and of the Lraciug to the columns and 
trusses. 

Figs. 178 to 183 show the outlines and some details of a light 
mill building having a double pitched roof as shown by the eleva¬ 



tion, Fig. 178. This elevation has letters indicating the positions 
of the different types of purlins shown by Figs. 179 to 182. 

As there are skylights on this roof, purlins « B ’’ have special 
framing. The regular purlin isA/’and « D’’ shows the wind 
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stmts Ijetwvi.'ii tlie etiuians; tiiert? is also a wind >trat at the 
ridj^^e. 

Fig. 1^8 Is a dt^taiied elevutioa of onedialf uf tlie inaiu truss, 
and of the eouueciioii ot tlie puiluis to the triiss. 

Figs. 184 to 187 show general ftMtures and details of a ooin- 

o o 

billed wood and steel frame mill building. TIds form is used quite 
extensiveiv. The main columns, trusses and girders are of steel; 
the roof purlins and iioor ]>eams of wood, and the walls of brick. 

Fig. 18d sliows the detail for securing the wood purlins to the 
trusses. 

Fig. ISO allows the main column which carries a bracket for 
a liglit crane. This column, on account of the* eccentric crane 
connection, is made of the two cliaiinels latticed as shotvai; in order 
to get a stiff*’ connection of roof truss to the upper section of 
column, and also, because of the light load, a column of four angles 
and a web was desirable. This upper column, therefore, sets down 
inside of the channel column and is riveted to it as shown by the 
details. 

Fig. 187 shows the connection of the girders in the wings to 
the columns ; the double beams coming at right angles to the web 
made it necessary to use deep shear plates across the flanges of the 
column in order to give support to the bracket and provide for the 
eccentric strains. 





OFFICE BUILDING FOR CHICAGO & NORTHWESTERN RAILWAY COMPANY. CHICAGO 

Giraer connection to column on first floor. Note inetliod of temporary bolts In connections. These are bolted np temporarily 
until the steel frame is plumbed up; then the connections are made -with rivets. In good practice, about 
one-half of the holes are bolted up. Note knee-bracing of girders to columns." Note 
stiffened angles on girders fitted to top and bottom flange. 
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PART III. 


DEFINITIONS AND ABBREVIATIONS. 

• In all structural steel detailing certain abbreviations are so com¬ 
monly used that it is essential at the outset for the student to be 
familiar with them. The more common are given below: 

PL = Plate 

EZ = Channel. 

. L = Angle. 

T = Tee. 

o ’ = Round Rod, and -when this mark follows a dimen¬ 
sion, as for example, f" o, it indicates a diameter 
round rod. 

□ = Square. 

T. B. = Turnbuckle. 

O. H. = Open Hearth. 

R. W. = Roadway. 

S. W. = Sidewalk. 

R. -& L. = Right and Left. 

Hex. = Hexagon. 

H. P. ~ Hard Pine. 

Y. P. =: YeUow Pine. 

Bit- = Bolt. 

U. H. = Under Head. 

T. & G. = Tar & Gravel (also used for tongueci and grooved). 

The right meaning can generally be inferred from 
the place in which the abbreviation occurs. 

Riv. = Rivet or Rivets. 

. Csk. = Countersunk. 

Cor. I. — Corrugated Iron. 

Anch. = Anchor. 

Fm. = Filler. 
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Str. = 

F. B. = Fluor Beam. 

C. I. = Cast Iron. 

StcL = Standard. 

Sepr. — Separator. 

W. G. = Wheel (Tiiard. 

c. to c. — Center to Conter. 

o. to o. = Out to out, or, oiitsi.k lo outside. 

FI. = Flange. 

Lat. — I.aterals. 

Diam. = Diameter. 

R. = Radius. 

The following definitions apply to pieces often met with in 
detailing and shoidd he fully understood. 

Lag Screws, These are used for connecting wooden construc¬ 
tion, and their piineipal use, so far as the structural draftsman is inter¬ 
ested, is for fastening guard rails to plank flooring on highway bridges, 
or to cross ties on railroad bridges, or wood, purlins on roof trusses. 

Fitting-up Bolts. This teim is applied to bolts used to con¬ 
nect parts of a member, or to connect members to each other, prior 
to riveting. The bolts are removed and rivets driven in their stead. 
In making out the shop lists where work is to be erected, a number 
of these bolts must be included, and about 10'% more should be 
ordered than will appear to be necessary, in order to allow for waste. 
Fitting-up bolts are used in the shop during the assembling of the 
parts of any member of a structure. 

Drift Pins. These are merely tapered steel pins used for 
aligning the rivet holes so that fitting up bolts may be inserted. 
Drift pins are also used in many cases to correct inaccuracies in the 
punching of the several parts of a member. If the holes do not 
match, so that the rivet can be driven through, the drift pin is first 
driven through and the edges of holes forced out so as to allow the 
rivet to be inserted. Tliis is a use of drift pins which is not allowed 
by any first-class specifications, nevertheless it is often done, unless 
the shop work is rigidly inspected. 

Pilot Nuts. A pilot nut is a tapered end which is temporarily 
screwed on to the end of a pin in order to effect a passage for it 
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throii£j:li the pin holes of two or irioiv iiieiJilK-*!'- are tf> ])e eon- 

neeted in the* field. The^se are, of C(iurse, only needed in pin eonneet(‘d 
structures, ]>iit must not Ije overl(Hjked in making' out shop orders 
and shipping lists, and at least one must be sent for each size oi ]U 2 i 
used in the structure. 

Split Nuts. Owing to lack of room it is sometimes impossible 
to use a standard nut, and in aticli cases a thin split nut of about one- 
half the thickness of a standard nut may be used. 

Plate Nuts. For the ends of large pins the nuts are sometimes 
made from plate cut to hexagon shape and tapped out to fit the 
threads on the ends of the pins. 

Lomas Nuts. These are for use on the ends of large pins such 
as are used in bridge work. The pins are generally turned down 
to a smaller diameter at the ends, and these small ends threaded. A 
Lomas nut grips these threaded ends and projects over the shoulder 
of the pin. For dimensions and weights of Cambria standard pin 
nuts see Cambria Handbook, page 336. 

Clevis Nuts. On page 334 of Cambria Handbook are shown 
sketches of clevis nuts, and table giving dimensions, etc., is given. 
As will be seen in the sketch, the screw ends entering the clevis nut 
allow the effective length of rod to be adjusted. 

Sleeve Nuts. On page 333 of Cambria Handbook is found 
an illustration and table of dimensions, etc. The purpose of sleeve 
nuts, as will appear from the illustration, is to allow rods to be ad¬ 
justed as to their length when the ends are connected to pins or bolts. 

Turnbuckles. An illustration of an open tiirnbuckle is shown 
on page 332 of Cambria Handbook. Turnbuckles are used the same 
as sleeve nuts. 

Tie Rods. Tie rods are plain rods with screw ends and nuts 
on each end, and they are used between the beams supporting fire¬ 
proof floors to tje the beams together and to hold them in position 
while the fireproofing is being put in place. The tie rods also stiffen 
the I-beams laterally. The sizes of rods used for this purpose are 
usually f-in. diameter, to 1-in. diameter. See Fig. 207. 

Loop Eye Rods. Rods which are connected to other parts 
of a structure by pins are provided with loops made by bending the 
rod around to conform to a circle of same diameter as the pin, and 
welding the end into the body of the rod. The distance from the 
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center of pin to the junction of the end of loop witli the main rod is 
usually made about two and a half times the diameter of the pin 
which loop is to connect over. See Fig* 1S8. 

Forked Eye Rods. Sometimes it is desirable to have a rod 
connecting tq a pin fastened so as to Ijring an equal strain on each 
side of another rod or part connecting to the same pin* In such 
cases it is necessary to make a forked eye instead of a single loop. 
See Fig. ISS. 

Upset Rods. When rods are threaded at the ends, the cutting 
of the threads diminishes the effective area of the rod and eonse- 
queiitlv weakens it. To maintain the same stiength throughout, 
the vod is ‘Tipset” at the ends before the ends are threaded, and 
the amount of extra thickness so provided allows the threads to be 

cut, and leaves after cutting a 
net area equal to that in the 
body of the rod. 

Upsetting is done by a ma¬ 
chine which takes hold of the 
heated end of the rod when at 
a cherry-red heat and com¬ 
presses the metal for the re¬ 
quired length into a cylindrical 
end larger in diameter than the main body of the original rod. See 
pages 326 to 329 of Cambria Handbook. 

Plain Rod. The expression plain rod'" is simply the nega¬ 
tive of the term ""upset rod", which has just been refined, or, in 
other words, a ""plain rod" is not upset. 

Standard Threads. Rods and bolts are generally provided 
with standard threads the dimensions of which will be found on 
page 316 of Cambria Handbook. 

Right-hand Threads. When the threads of a bolt or rod 
are cut so that if, when looking at the end of the bolt or rod and turn¬ 
ing the nut from left to right, the nut moves from you, or is screwed 
on the threads, then such threads are referred to as right-hand threads. 

If the .threads are cut so tliat the reverse is true then they are 
“left-hand threads". 

Eye Bars. These are used * in pin connected trusses and 
structures to take care of tensile strains. The heads at each end are 
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formed by upsetting machines and the pin holes afterwarrl bored out. 
See page 331 of Cambria Handbook for dimensions, etc., of standard 
eye-bar heads. 

Batten Plates. In Fig. 225 a batten plate is placed at each 
end of the strut on the top and bottom of the flanges. It is used 
merely to tie together the two parts of the strut. Batten plates Talso 
called tie plates) are used generally wherever lacing is used in order 
to tie the parts of a member together at each end of the lacing. The 
Pencoyd Iron T\orks specifications for railroad bridges gives the 
following in regard to tie plates: 

"‘All segments of compression members, connected by latticing 
only, shall have tie plates placed as near the ends as practicable. 
They shall have a length of not less than the greatest depth or width 
of the member, and a thickness not less than one-fiftieth of the 
distance between the rivets connecting them to the compression 
members ’h 

Chas. Evan Fowler, in his Specifications for Roofs and Iron 
Buildings, refers to tie plates as follows: 

""Laced compression members shall be stayed at the ends by 
batten plates ha\dng a length equal to the depth of the members 

The rules given in various specifications are somewhat different 
,as regards the length and thickness, being determined by each 
authority merely on his own judgment of what will prove satisfac¬ 
tory. There is no method of proportioning batten plates except 
in accordance with such specifications as may be furnished in rela- 
tion to the particular job of work in hand. 

Lacing. Single lacing is used on the girder shown in Fig. 225, 
but if two systems of lace bars are used crossing each other and 
riveted at their intersections, it is called double lacing' This is only 
used on very heavy members. Single lacing is usually placed at an 
angle of about 60 degrees with the axis of the member, while double 
lacing is placed at about 45 degrees to the axis. 

The size of lace bars to use is somewhat a matter of judgment, 
but certain rules have been established by common practice and 
experience which it is well to observe when practicable. Chas, 
Evan Fowler’s specifications give the following: 

The sizes of lacing bars shall not be less than that given in the 
following table. When the distance between gauge lines is 
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They shall generally be inclined at 4o degrees to the axis of the 
member, but shall not ]je spaced so as to reduce the strength of the 
memljer as a whole. Where laced members are subjected to bend¬ 
ing, the size of the lacing bars shall ])e calculated, or a solid web 
plate used. 

Shop Drawings. In making shop drawings, the outlines of 
the member (in other words, the picture’^ of it) should be done 
in fairly heavy lines, so as to show up clearly on the blue prints, 
and the dimension lines should be very light so that they will not be 
confused with the outlines of the members. All distances should 
be given from center to center, wherever possible. Dimensions 
from the edge of an angle, beam, or plate, should never be given 
unless there is a special reason foi so doing; because all rolled shapes 
varj" in the width of the flanges, and Z-bars also vary in height. The 
reason for this variation is that different sizes are rolled by the same 
set of rolls and the difference is made in the spacing of the rolls. 
See Figs. 2o, 26, 27 of Part I. Also, angles of a thickness of one- 
half inch or more vary somewhat in the length of legs unless they 
are given what is called a finishing pass or rolling which is not always 
done. 

Make all drawings on the dull side of tracing cloth with a No. H H 
or a No. IIH H pencil. After the drawing is completed the pencil 
marks are easily removed with a piece of sponge rubber. 

‘ Do not draw out your work on paper first and then trace it. 
You will find that this is a waste of valuable time. Learn to draw 
directly on the tracing cloth, as you will be expected to do when you 
begin work in an office. You will need the following outfit in the 
way of drafting instruments and equipment: 

1 T-square, at least 20 in. long. 

2 Triangles, 1 of 45°, the other 60°. 
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1 Siaall (Irinviiic: li'ianL alMiUt Is l>y 24 in. 

j dozen thunjlj tark'-. 

1 Rilling pen, 

1 Circular pen or spring }>ow ptni. 

Tracing clotli. 

1 Triangular boxwood Architect^ ‘^cale 12 in. knig. 

1 Bottle of Higgins’ American drawing ink. 

1\ dozen Gillot’^ pens Xo. 303. 

1 Xo. H H pencil. 

1 Xo. H H H pencil. 

1 Copy of Cambria Handbook, Edition 1904. 

PURPOSE AND USE OF DETAILS. 

A shop drawing is a drawing which gives all the information 
necessary to lay out, cut, punch, and rivet the piece sho'WTi. It is 
the medium by which instructions are conveyed from the engineer’s 
office to the shop. It must convey full, accurate and explicit instruc¬ 
tions for every operation. It must be so clear and explicit that no 
further explanations are needed to enable the shop to correctly 
interpret it, and the information must be given in such form that 
only one interpretation is possible. The draftsman making a shop 
drawing must constantly bear in mind that the man at the shop will 
work entirely from tliis drawing; that he does not have access to the 
sources of information which are consulted by the draftsman in 
making the drawing, and that what might be clear in connection 
with these other drawings will be blind or uncertain to the shop man 
not familiar with them. The draftsman should further understand 
that it is distinctly the duty of the shop man not to read into the 
drawing anything not there, and that consequently the responsibility 
is entirely upon the draftsman to make his drawing so complete that 
such action will be unnecessary and impossible. Neatness in exe¬ 
cution of a shop drawing is desirable, but accuracy and clearness 
are absolutely essential. 

Shop drawings differ from general detail drawings in that they 
do not show the different parts of construction assembled, but cover 
only one piece. For instance, an engineer making a drawing to 
send to the drafting room where the shop details are to be prepared, 
would show a column with the girderS and beams framing into it, 
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just as they would appear when assembled. In this way he would 

establisli the relations of the different members and would determine 

the character of the connections and any special features of the 

details. The draftsman detailing for the shop, however, would make 

the column on one sheet, each beam and girder on separate sheets, 

and the different members forming the whole structure would appear 

only as indmdual pieces, their relations one to the other being given 

bv an asseml^lv or erection drawing. 

^ ® • 

In a large shop the columns, beams, and girders would be fabri¬ 
cated in entirely distinct departments and the men in the different 
departments would not know that those different pieces when assem¬ 
bled, fitted into each other. The responsibility for correctly la\nng 
out these pieces so that they vnll fit together is upon the draftsman. 

[Measurements on shop drawings are always carried out as 
close as one-sixteenth of an inch, and sometimes to one thirty-second. 
An error of one-sixteenth may be suflicient to make it impossible to 
assemble the pieces in erection, as steel cannot be cut and drilled 
at the building except at considerable expense of time and money. 
Such errors are costly. 

The student should clearly understand the importance of the 
work of the shop draftsman and should always be imbued with the 
idea that he is the last authority to pass upon all the various points 
determining the instructions of the shop and the last sentinel to dis¬ 
cover and prevent errors. Drawings are almost always checked by 
some other than the man who makes them, but no man will make a 
successful draftsman unless he does his work without a thought of 
being saved from errors by the checker. 

The making of templets, and the way in which a shop uses a 
detail drawing have already been explained. The draftsman should 
always detail as far as possible in accordance with standard shop 
practice, as in this way much templet work can be eliminated and 
thus time and expense saved, and the work will be more quickly 
fabricated because of the familiarity of the shop with the details. 
The standard forms differ somewhat in the different shops, but the 
Carnegie standards are essentially the same as all others; these have 
been given in Steel Construction, Part I. A great many conditions 
arise in which standard forms cannot be used, in which cases as 
simple details as practicable should be employed. 
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Scales Used in Details. Details of plate and box girders 
anfl of trusses are almost invariably ma<le to .>.eale, generally 1 or 
1 \ ill. to the foot. Details of c<dumns are generally made to scale as 
far as the connections for beams anil the hearl and foot of columns 
are concerned. The length along the diaft from tt>p to bottom and 
between connections at different levels is generally not to scale. 

Details of beams are rarely drawn to scale, but the position of 
holes and of shelf angles, etc., are shown in the proper relation to each 
other and to the whole beam. That is, if the beam showm is a 12-in. 
beam 16 ft. long, the elevation of the beam might be drawn to a 
scale of in. to the foot as regards the height of beam, while as 
regards the length it might be drawn at no definite scale, simply 
made to come ^dthin the limits of the sheet. In locating holes in 
this elevation, if there was a horizontal line of holes in the center 
of the beam it should show in the center of space limiting the height 
of beam; if another line 2 in. off from the center, it should be shown 
at i of the depth from the center line. Similarly to spacing holes 
along the length of the beam a set of holes centrally located as regards 
the length should show in the center of the sketch, and another set 2 
ft. from the center should show -J- of the whole length from the center. 

In other words, the beam is detailed according to the scale of 
the sketch which represents the beam, but this will not be the same 
scale vertically as horizontally and will not be the same scale for any 
two sketches. 

The reason for the above absence of scale in beam sketches 
is that these details are almost invariably made on a standard size 
of sheet, say 12 X 18 in. One sheet may have beams varying in 
depth from a 7-in beam to a 15-in. beam, and in length from 6 ft. 
to 20 ft. To accommodate all such varied conditions to the same 
size sheet it is necessary to adopt a standard size of sketch repre¬ 
senting all sizes and lengths of beams, and locate details on this 
sketch simply by the eye, so as to show the details in proper relations 
as outlined above. In many drafting offices these beam sheets are 
printed with a blank elevation and plan and end view of a beam 
ready for the draftsman to fill in the details. 

In the case of columns, girders and trusses, this practice would 
not do, as the details are too complicated and it is necessary to show 
all details exactly in their true relation in order to make them clear. 
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In the ca^e of columns this can be done on a standard size sheet, 
ppeiierallv 12 ' 30 in. or IS 30 in. (i-irder sheets and truss i^heets 
generally vary in size with the particular conditions of each case. 

The first operation necessary is to draw out the outlines of the 
member to be detailed, showing a side elevation and plan, or end 
view and sections where necessary’ to clearly show all the work to 
be done. IMake no unnecessary drawing; as, for instance, if a side 
elevation and plan will clearly express all tlie work to be <lone, do 
not spend any time making an end view or sections. If, on the 
other hand, an elevation and a cros.s section will enable you to show- 
ever;v-thing, then do not make any plan, as, in general, it is less wrork 
to make a-cross section than a plan. 

The above should be followed with caution, as it is necessary to 
be very sure that all the views required to give a clear understanding 
of the details are given. 

Rivet Holes, Etc, Holes for rivets ai'e either simply punched, 
or punched to a smaller size than that actually required and reamed 
out to the full size, or else the holes are drilled. Rivet holes are 
seldom drilled, except under special specifications, owing to the 
increased expense. On almost all work at present the holes are 
simply punched. In case reaming or drilling is required the shop 
drawing must indicate it clearly. 

WTiere the holes are simply punched the usual specification is 
that the diameter of the punch shall not exceed the diameter of the 
rivet, nor the diameter of fhe die exceed the diameter of the punch 
by more than one-sixteenth of an inch. 

'VMiere the holes are punched and afteiwvard reamed, the usual 
specification is '^All rivet holes in medium steel shall be punched 
with a punch i in. (sometimes in.) less in diameter than the 
diameter of the rivet to be used, and reamed to a diameter in- 
greater, or they may be drilled out entire 

The effective diameter of the driven rivet shall be assumed the 
same as before driving, and in making deductions for rivet holes in 
tension members, the hole will be assumed one eighth of an inch 
larger than the driven rivet. 

The pitch of rivets is generally specified about as follows: '"The 
pitch of rivets shall not exceed sixteen times the thickness of the 
plate in the line of strain, nor forty times the thickness at right angles 
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to the line of strain. The rivet pireh -liall never Ije le>s than three 
diameters of the rivet. At the end> of (Mjinpre^sion members it shall 
not exceed four diameteis of the rivet for a len^’th equal to the width 
of the members.'” 

Rivets and Riveting. Ilivet^ are spoken of as‘Shop rivets” 
or “field rivets” according to whether thev are to be driven in the 
shop or in the field during the erection of the work. It is sfmictimes 
impossible to drive rivets by machine in the shop, owing to their 
location being inaccessible for the riveter. In such cases they must 
be driven bv hand and are referred to hand-driven rivets. Driving 
rivets by hand is necessarily more expensive than if done by ma¬ 
chinery, and it is part of the duties of a competent structural drafts¬ 
man to so design the details as to require the least possible driving 
of rivets by hand, whether in the shop or field. In erecting large 
jobs the field riveting is often done by machine riveters. There are 
numerous t^-pes of machine riveters, the principal power used being 
either compressed air or hydraulic power. 

In order that rivets mav be driven bv the riveting machine it is 
necessary to have a certain amount of clearance from the heads of 
other rivets which project from the other leg of an angle if the two 
rivets are opposite or nearly opposite each other. This is showm in 
Fig. 1S9, together with a table ghdng sizes of rivet heads and clearances 
for machine driving. At the bottom of this table please note that a 
must not be less than J in. -r i h. Suppose we wish to drive two 
rivets, each ^ in. diameter, and both to have full heads exactly in 
the same line in the two legs of an angle. Now, if we desire to know 
how close we can drive the rivet in the horizontal leg to the back 
of the angle, we first find the value of h for a f in. rivet, which is 
1^ in. Then a = J in. + 1 (1/^ in.) = in. Add this to the 
height of the rivet, which, for a f in. rivet is f in., and we have 
If in. as the distance from.the center of the rivet in the horizontal 
leg of the angle to the side of the vertical leg of angle nearest to this 
rivet. But all measurements to locate the position of rivets are given 
from the backs of angles; hence we must add the thickness of the 
angle in order to find where the rivet in the horizontal leg should be 
spaced. Suppose the angle to be | in. thick, then If in. + f in. = 2 in. 
would be the least distance from the back of the angle that we could 
drive either rivet in order to have the riveting machine clear the other. 
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Ilivets conlil, h(3\vever^ be spuce<l nearer to the back of the angle 
if the rivets are '^staggere(^^ /.f., if those in the vertical leg were 
spaced so as to come in between the two adjacent ones in the hori¬ 
zontal leg. An example of staggered rivets is shown in Fig. 233. 

Conventional Signs. In erecting some classes of structural 
steel work, especially in light highway bridges and small roof truss 
jobs, the connections are often njade with ]>olts instead of rivets. 
The rivets used for structural steel work are round headed (some¬ 
times called "'button head”) rivets. It is necessary sometimes to 
flatten the heads of rivets after the rivet is driven, and before it has 
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had time to cool. This is done by simply striking the red hot head 
of the rivet and flattening it to the extent desired. Wherever a flat¬ 
tened head would interfere with some connecting part of a structure 
it is necessary to countersink the heads, sometimes on one end of 
the rivet and sometimes on both ends. Fig. 189 shows conventional 
signs for representing the different kinds of rivet heads desired, and 
this code is in general use in the United States. 

■ It is very important to show on all shop drawings the diameter 
of rivets to be used in the work, and if different sizes of rivets or rivet 
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holes for field rivets occur iu the same member, then tliese must be 
indicated on the drawing by a note prominently displayed so that 
the shtjp men may madily finrl it and avoi.I error. The sizes of 
rivets generally used for 'tnictural steel an<I bridge work are I in., 
1 in., or 4 in. in diameter, although .special work may require .smaller 
sizes, and occa.sionally rivets 1 in. in diameter are u.sed tor ver\’ 
heaiw work. 

Rivet.s are made with one head formed, and the .shank of the 
rivet must be long enough to project through the parts to be joined, 
and far enough out on the other .side to'form a full perfect head when 
.subjected to the preasure of the machine. After the rivet has been 
heated to a cherr}- red it is inserted in the rivet hole and the riveter 
is placed so that the cap fits over the head aiready formed, and the 
other jaw of the machine pre.sses against the protruding shanlr of the 
rivet and forms the head. It is desirable that riveting machine.s be 
made to hold on to the two ends of the rivet with the full pressure 
until the rivet partially cools. 

The terms “rivet pitch” and “rivet spacing” refer to the dis¬ 
tances center to center between rivets. For example, if the rivets 
are spaced 3 in. apart for a certain distance along a member of a 
structure, we refer to the rivets for this portion of the member as 
being of three-inch pitch. Fig. 190 gives the lengths of rivets re¬ 
quired for a given “grip”. 


PROBLEMS. 

1. Given an IS-in., 55-lb. I-beam with a 4 X 4 X Hn- shelf 
angle riveted on one side; what length of |-in. rivet should be ordered 
for riveting this angle on in the field ? 

2. In Fig. 1S7 of Part 11, is shown a 12-in. beam girder bolted 
to a cap angle on a column; w'hat length of bolts should be ordered 
for this connection? 

3. If the beams shown in Fig. 1S7 are 6^ in. center to center, 
and are bolted up, using standard cast iron separators, what lengths 
should be ordered for these separator bolts? 

4. Suppose a 12-in., 40-lb. beam and a 7-in., 15-lb. beam are 
framed opposite each other on a 15-in., 60-lb. girder; if standard con¬ 
nection angles are used, what length of |-in. field rivets should be 
ordered for the connection of the beams to the girder? 
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o. If it is iieceS'sary to drive two rivets of in. diameter exactly 
opposite in the two leg-^ of an angle 3 in.; hoty close 

tt) the Ijack of the angle can the rivets be spaced *? 

Strength of Joints. The student tohould now become famih 
iar with the method of calculating the strength of joints and connec¬ 
tions. will take first the comiection of one beam framed to 

another. The rivets in the connection, of course, are the only means 
of transmitting the loarl from the beam to the girder. There are 
two sets of these rivets, one set through angles on the end of the beam 
to be carried and the other set through the outstanding legs of these 
angles and through the web of the girder. The load must go from 
the beam through the first set of rivets into the connection angles, and 
then from the angles through the second set of rivets into the girder. 

The rivets through the angles securing them to the web of the 
beam are subject to failure in two ways. (1) The rivet might break 
along the two planes coincident with the faces of the web of the beam, 
thus allowing the beam to drop between the two angles—this method 
of failure is called ‘"shearing’^ of the rivets. (2) The rivets might 
crush the metal of the web of the beam on the upper semi-circumfer¬ 
ence of the rivets; this is called failure by hearing 

In designing a connection, the number of rivets is determined 
by whichever pro^dsion against these two methods of failure gives 
the greatest required number. The strength of a rivet as regards 
shearing and bearing is called its value, and in order to determine 
the number of rivets to carry a given load in connections of this 
character, it is only necessary to determine the value to be used for 
one rivet. This value is determined in the following way: 

DETERMINATION OF SHEARING VALUE OF RIVETS. 

The resistance of a rivet to shearing along one plane is the area 
of the rivet multiplied by the shearing strength of the metal per unit 
of area. 

If d = the diameter in inches c* rivet 

S = the ultimate shearing strength in pounds per sq. in, 
then V = the ultimate shearing value in pounds. 

= .7854 cP S. 

For the working value of the rivet a certain proportion of S is 
used and this varies with the factor of safety required. The safe 
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value of the &liearin^ strength per square inch of power-clriven rivets 
vliich is generally u>ed for Iniildings, is 0,00(J pounds, wliioh gives 
a fiu tor of >afety of about six. With rivets three-quarters of an inch 
ill diameter, ^\hic*h is the usual size in building work, the safe shear¬ 
ing value is therefore 

.7So4 1 . 0000 = 3070 pounds. 

For rivets driven by hand as is done in many cases in assembling 
the parts in the erection of a building, the safe shearing strength per 
square inch is reduced to 7,500 pounds. One of the connections 
illustrated in Fig. 101 is a case of double shear for the rivets through 
the angles and the web of the beam, as there are two planes along 
which .shearing must occur, since the load is distributed by the web 
of the beam equally between the two angles. The above value of 
3,070 miLst be multiplied by two to give the total resistance of each 
of these rivets against shearing. 

The ri%’ets, however, which go through the outstanding leg of 
these angles, and through the web of the girder which carries this 
beam are only in single shear, as here there is only one plane between 
the angles which transmit the load and the web wdiich receives it. 
The value for these rivets would therefore be 3;976 lb. if power driven, 
and 3,313 lb. if hand driven. 

DETERMINATION OF BEARING VALUE OF RIVET5. 

In this case it is the metal which bears on the rivet or which the 
rivet bears on, which has to be considered; this is in compression 
and liable to failure, therefore, just as is the metal in a column or the 
'Compression side of a girder. The amount of stress which this 
metal will stand is determined by the ultimate compressive strength 
per square inch, and the ai’ea under compression, which area is the 
product of the diameter of the rivet and the thickness of the metal 
or in this case, the web of the girder. 

If therefore t = thickness of metal 
d •= diameter of rivet 

C = ultimate compressive strength in pounds per 
square inch, 

then Vb = ultinoLate bearing value in pounds 

= Cdt 
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The safe value usually used fur poweiwlriven rivets in l)uilding 
work is 1S,000 pounds per square inch; for tliree-quarter-inch rivets, 
therefore, the })eariiig value becomes for a web ls,000 x' } X 

“ 4,219 pounds, and for hand-driven, rivets, 3,510 pounds. 

The web of the beam in Fig. 101 1-3 a case of hrarinfj c>7closed, 
that is, it is enclosed on both sides by other members, and therefore is 
stiffened against buckling under compression. The web of the 
girder is not enclosed, as it is free to buckle on one side. Most 
authorities allow a slightly greater bearing value, generally about 
10 per cent for bearing on metal enclosed. 

In designing such a connection is illustrated in Fig. 191, 
the number of rivets through the web of the beam would be deter¬ 
mined by the bearing value of one rivet, unless the thickness of this 
web was i in. or over,'since for all thicknesses less than this the bearing 
value would be less than the double shear. The number of rivets 
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through the web of the girder would be determined by the shearing 
value of one rivet for all thicknesses of webs of in. and over, since 
for these thicknesses the bearing value is greater than single shear. 
Where two beams frame into a girder on opposite sides so that the 
rivets through the girder are common to both beams as shown in 
Fig. 192, these rivets are in bearing on the web of the girder for the 
combined load brought by both beams, in double shear for the com¬ 
bined loads, and in single shear for the load from each beam. Ii 
these loads were the same for each beam, single shear from the loac 
from one beam would, of course, be equivalent to double shear for the 
load from both beams; if, however, the loads were greatly dissimilar 
the greatest load with the single shear value must be used- To 
illustrate this, suppose we have a 10-in. beam framed on one side of 
a 10-in. beam and an 8-in. beam- framed opposite to it. Suppose 
the load brought by the 10-in. beam to the girder is 14,000 pounds, 
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and that by the beam 6,000 pounds. Now the wel) of a 10-in. 
25-lb. beam is .31 inches thick, and the bearing value would therefore 
be .31 . 15,000 .75 — 3,487 pounds, and for the total load this 

would require six rivets. To cany the load of 14,000 pounds in single 
shear at a value of 3,313 would require but five rivets, so that the bear¬ 
ing value and the total load from both beams would determine the 
number of rivets. 

If, however, these beams \vere carried by a 12-in., 40-113. beam 
whose web is .46 inches thick, the bearing value would then be 5,175 
pounds and this would require but four rivets; in this case the number 
would be determined by the greatest load and the single shear value 
of a rivet. Fig. 193 shows a single angle connection which would 
be determined by the rivet in single shear. It should be noticed 
that in designing connections a few rivets in excess of the actual 
number calculated should be used for connections; in general, 20 per 
cent should be added. 



Pig. 193. Pig. 194. 

PROBLEMS. 

1. Suppose that certain rivets to be provided in a connection 
are in double shear. The rivets are all in. in diameter. The out¬ 
side plates are each 4 in. tliick. What will be the thickness of the 
inside plate to make the rivet value equal to double shear ? 

2. Suppose a 6-in., 12.25-lb. I-beam that is 5 ft. long carries a 
load of 15,000 lb., uniformly distributed. How many rivets f in. 
in diameter, will be required for its connection to the beams at each 
end, allowing 6,000 Ib. per square inch for shear on the rivets, and 
12,000 pounds per square inch for bearing? 

3. In the preceding problem, how many rivets f in. in diameter 
will be required to attach the connection angles to the 6 in. I-beam ? 
In order to determine this, it will be necessary to first find the thick¬ 
ness of the w^eb of the 6-in., 12.25-Ib. I-beam. This can be found 
by referring to the tables on pages 30 and 31 of Part I. As the 
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thickne^bS of the webs is there given in dcchnah of an inch, ihese must 
be cohverterl into the next smaller common fraction^. 

4. Given a 12-in., 31]-lb. I-beam 14 ft. long and a 10-in., 
25-lb. I-beam 12 ft. long framed opposite to each other to a 15-in., 
42-lb. I-beam. If these beams are each loaded to the safe capacity 
with a uniformly distributed load, what will be the number of 'j-in. 
rivets required for the field connection to the girder, using 7,500 
pounds for shear and 15,000 pounds for bearing? 

5. In the above problem what will be the number of -^-in. shop 
rivets required on the end of each beam using 9,000 pounds for shear 
and 1(S,000 pounds for bearing? 

0. L'^sing the same values and loads as in problem 4, what 
will be the number of rivets required in each beam, if they do not 
frame opposite each other? 

7. Give the lengths of field rivets and shop rivets required for 
each connection in each of the cases covered by problems 2, 3, 4, 5, C. 

STANDARD CONNECTIONS. 

As previously stated, beam connections to girders and columns 
are generally made after standard forms for the different size beams. 
From an inspection of these standard connections it vdll be seen 
that 3, 4, 5, and 6-in. beams and channels all have the same number 
of rivets; 7, S, 9, and 10-in. sections have the same number; and of 
the larger beams the different weight beams of a given size have the 
same number, whether the lightest or heaviest section is used. It is 
evident that these beams which are of different capacities, would 
not require the same number of rivets, if the number was calculated 
for the exact load of each case. It would not be economical, either 
from the standpoint of time or money, to detail in this way, however, 
and therefore these standard forms are always used unless peculiar 
conditions made it impossible to frame with these size angles, or unless 
because of peculiar conditions of loading, these connections would 
not be suflSciently strong. 

These standard connections are proportioned for uniformly 
distributed loads with spans commonly used for the different size 
beams. \Mien beams are used on short spans and loaded to their 
full capacity, it would be necessary to design special connections with 
the required number of rivets; the same is true where a concentrated 
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load come'^ on a beam very near to one connection. The tables on 
page.'^ 42 anri 44 of the Cambria Handbook give the ininimiim spaUvS 
of the (lift'erent size beam^. and channels for which these standard 
connections can be used when die beams are loaded uniformly to 
their full capacity, based on 10,000 lb. per sq. m. for shear and 20,000 
li). for bearing. For cases of concentrated loading near the ends, 
no general rule can l>e given. For all eases of loading on spans 
shoii:er than those given by the table, the <1 raftsman should calculate 
the load Oii the connections and fletermine the number of rivets 
required. 

Connection angles are always riveted to beams centrally as 
regards the depth of wel) unless eondition.s make it necessary to raise 
or lower them. Such conditions ari.^e when certain beams of differ¬ 
ent depths frame opposite to each other to the same girder. There 
are standard conditions concerning manv of these cases and these 
are shown in Figs. 133 to 130, Part II. Such connections should 
be made by changing the position of the angles rather than the spac¬ 
ing of the holes in the angles if possible, so that the standard framings 
can he used. 

Where beams frame on opposite sides of the same girder, but the 
center lines of the two beams do not He on the same straight line 
special size angles and rivet spacing is required. If the distance 
between the center lines of the beams is less than 84 in., as shown 
in Fig. 194 the one line of rivet holes must be common to both beams. 
The minimum distance between rivets of beams framed to the same 
side of a girder for which standard connection angles can be used is 
shewn in Fig. 137. In cases where beams are spaced closer than 
this, a single angle with the required number of rivets is used in the 
outside of each web; or where there is sufficient depth of girder a 
shelf angle below the beams can be used. In this case stiffeners 
fitted to the outstanding leg of the shelf angle should be used, as under 
deflection the beam will bear near the outer edge of angle land without 
the stiffeners would tend to break off this leg. The full number of 
rivets required to carry the load should be put in the stiffeners .and 
shelf, even if angles on the web of the beam’are used to hold it laterally. 
It is not good design to rely on the combined action of two sets of 
connections, such as a shelf connection described above;, and a web 
connection, to carry a load. In such a case the deflection of the 
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beam ^voul<l bring the bearing on the ^helf, and thi^ eoniic. u.»ii nuum 
take the whole load; or if the shelf was not stiffentfl to resist bending 
under tlie load, this would throw the load on the web connections. 
^\^lerever a shelf with stiffeners is used it should contain enough rivets 
for the full load. 

^^^lere beams frame to deep girders or to columns, even if the 
connection is made by angles on the web of the beams, it is customaiy 
to put a shelf angle under the beam. The student should not confuse 
this construction with the one just described. The object of such a 
shelf is to facilitate erection and not to support the beam after the web 
connection i.s made. \Yliere such an angle is ii.sed, therefore, no 
stitfeners should Ire ti.sed under the beam, a.s these would prevent 
the web connection from performing the work for wliicli it was de¬ 
signed. The draftsman must see that the connection angles are not 
placed so as to interfere with the fillet of the beam or of the girder. 
Tliis consideration arises where the connection is raised or lowered on 
the beam, or where the beam does not frame flush with the girder, 
or where a small beam frames flush ndth a large one, as for Instance 
a 5-in. beam to a 2-1-in. beam. Fig. 3fi, Part I, gives rules for deter¬ 
mining the distance from outside of the flange to the commencement 
of the fillet. These distances are given also in the Cambria Hand¬ 
book. It is possible to encroach a little on the fillet but generally 
not more than in. 

The standard form of connections of beams to columns is by a 
shelf angle with the stiffeners under it, with the required number of 
rivets, and with a cap angle over the top. The beam is riveted both 
to the cap and the shelf angles. Generally there are four rivets in each 
flange—sometimes only two in each flange are used. The shelf 
angle is usually a 6 X 6 X Hn. angle and the cap angle a 6 X 6 X.i\- 
in. angle where four rivets in the flange are used; if only two rivets 
are used the outstanding leg would be 4 inches instead of 6 inches. 
The size of stiffener angles varies with the size necessary to conform 
to the rivet pitch of the column, and to keep the outstanding leg of 
the stiffener the required distance from the finished Une of the column. 
As stated previously, the deflection of the beam tends to throw the 
load near the outer edge of the angle and therefore the stiffener 
should come as neAr this edge as is practicable. Another point to 
be considered in choosing the size of stiffenens is to liriuDf the out- 
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stanfling leg as near as practicable under the center of the beam as 
this irt the portion of the shelf loaded by the beam. It is not always 
practicable to do this, however, and sometimes twQ stiffeners are used 
coming a short distance each side of the center of the beam. 

A good many designers use only one stiffener under a beam or 
girder, and as the load to the stiffener comes from the outstanding 
leg, this brings a moment on the rivets through the other leg of the 
stiffener. For usual sizes of beams, there is probably ample strength 
in the rivets to provide for this moment. It is better design, how¬ 
ever, to use two stiffeners back to back, with rivets connecting the 
outstanding legs, as shown in Fig. 217. This avoids the strain due co 
the moment on the livets and also distributes the load to the column 
symmetrically with regard to the axis, instead of entirely on one side. 
These points are of very great importance where heavy girders or 
unusually heavy concentrated loads are concerned. Special column 
connections will be taken up later on. 

The connections of beams to double beam girders, involve the 
consideration of a number of practical points peculiar to each case. 
These beams are generally bolted together with only a slight space 
between the flanges, and if the girder rests on a column, the holes 
must be arranged where they are accessible. In general this'w'ould 
be in the outside flanges unless the end of the girder was exposed so 
that the inside flanges could be reached. 

“WTiere beams frame to such a girder they cannot be riveted 
unless it is possible to rivet all the lines of such connections to each 
beam comprising the girder before they are brought together and 
bolted up. TMiere there were several lines of such girders it would 
be difiScult to do this for all of them. In many cases, therefore, 
these connections have to be arranged for bolts to go through botli 
beams of the girder. Where double beam girders frame into another 
girder the connection can only be made by single-angles on the outside 
of the webs, unless the beams are spread far enough apart to allow 
bolts or rivets on the inside to be reached. If the girder carrying 
the double beams is deep enough a shelf connection can of course 
be used, and this would be preferable to the single-angle connection. 

Connections by angles on only one side of the web, as shown 
in Pig. 193, should always be avoided if possible, as they are subject 
to a bending moment on the rivets in the same way noted for single 
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stiffenei’s. ^Miere such a connection must be made sufficient extra 
rivets should be used to provide for this moment. The remarks in 
regard to double beam girdercs apply also to girders made up of three 
and four beams. In these cases, however, there must be room for 
connection angles on the inner beams, and if the connection cannot 
be made when the beams are bolted together, it mu;>t be arranged 
so that these beams can be erected before the outside ones. In such 
an arrangement it is obvious that the standard form of cast iron plate 
separators could not be used veiy' readily unless rods were used through 
the separators instead of bolts. 

In Figs. 131 to 140, Part II, are shown cases of special framing 
to which the student should refer again and become thoroughly 
familiar with. 

^Miere different sizes of beams frame opposite to the same girder 
it is necessary to change the position of the framing angles on the 
beams in order to use standard connections in each case. These 
changes in position are generally made to conform to standard prac¬ 
tice, which is illustrated in Part II and which in general is as follows: 
In all cases except where one of the beams is a 7-in. beam, the first 
hole is in. from the flanges which are flush with each other, and 
standard angles are used. TMiere one of the beams is a 7-in. beam 
and the other is either a 6,8,9,10 or 12-in. beam the first hole is 2} 
in. from the flush flanges; for a 12-in. beam the first hole is 2f in. 

Fig. 190 shows the Carnegie code of conventional signs for rivets. 
It is important to follow the code in use by the particular shop for 
which the drawings are intended, as only by the use of such signs can 
elaborate notes be avoided. 

Illustrations of Details. Fig. 195 shows a detail of a 
punched beam. Note that there should always be a single overall 
measurement on the sketch. Groups of holes, as for instance holes 
for connections of other beams, as shown in the top flange and the 
vreb, are located by fixing the center of the group. The reason for 
this is that the beam on which is the framing connecting to the holes 
is located by its center, and therefore it is important to locate this 
exactly. If the boles are symmetrical with regard to the center it is not 
necessary to dimension each hole from the center, but simply to give 
the distance between them, corresponding with the distance in the out¬ 
standing legs of the connection angles on the beam framing to this one. 
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In the case of a channel it is the back of web rather than the 
center which is always located. For the holes for connections of a 
channel, therefore, the position of the back of channel is fixed, and 
then each hole in the group forming the connection must be located 
with respect to the back of channel as the group is not central with 
regani to the hack. For an example of this see Fig. 196. It always 
adds to the clearness to put near each group of holes forming a con¬ 
nection for other ]>eams the size of beam or channel connecting to it. 
Holes at ends of ])eams for connecting to columns or for anchors 

f Ccen a’ 
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are generally spaced by an independent set of measurements from 
the end of the beam. 

The student should note that beams cut by the mill without 
special directions being given are subject to a variation in length of 
I in. under or over the length specified. If the beam rests on walls 
such variation is unimportant. If, however, it frames between col¬ 
umns and has holes connecting to the columns, such variation could 
not be allowed. For this reason measurements of such beams should 
always be marked exact’" or else at end of the sketch should be 
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printed ‘^column end in. clearance’’. With such instructions, or 
similar dire(*tions in other ca>.e> to indicate how the beam rests with 
respect to other work, the mill will take the necessaiy precautions. 
In the case of framed beams, for instance, such notes are not neces¬ 
sary, as it is self-e’vddent that no variation at these ends can be allowed. 

Fig. 196 shows a beam framed into another beam, the relations 
of the top and bottom flanges being such as to avoid coping. Note 
here that it is necessary to give an end view to show the spacing of 
holes in the outstanding legs of connection angles. Note also the 
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specification as regards these angles. If the connection is standard 
and is placed centrally with the beam, always say ‘^standard connec¬ 
tion”. In such cases if the shop is familiar with the standards re¬ 
ferred to, an end view is not always necessary. If the connection is 
not placed centrally with the beam, or if the spacing of the holes in 
the legs varies any from the standard it is customary to write ^‘stand¬ 
ard connection, except as noted”. 

The first set of holes from the left-hand end in the web is for the 
coimection of an 8-in. beam framed to this beam. Note that 5 ^ in., 
the spacing horizontally of these holes, and in., the spacing verti- 
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caily, are the meaburements in the outstanding legs of the standard 
connection for an ^S-in. I-beam. 

The next set of holes in web are for the connection of a 4-in. 
])eani which frames flush on top with the S-in. ginler; this fixes the 
holes at 2 in. from the top as shown. 

The single hole at the right-hand end is for a standard anchor 
rod. This measurement of 2 in. from the end is a customary meas¬ 
urement on such anchor holes, although some specification may call 
for something different. 

In the flange near the left hand is shown a group of holes; these 
are for tire connection of a channel which runs over the top of beam. 
As these holes are not symmetrical \^ith regard to the axis used in 
locating the group, it is necessary to space each set with regard to 
their axis. These holes are spaced symmetrically with respect to 
the web of beam, and the distance between them is the standard 
gauge for punching the flange of an S-in. beam. \Miere holes come 
in a flange these standard gauges should always be followed unless 
there ai’e special reasons for not doing so. 

In the drawing, the plan of the bottom flange is given, although 
there are no holes in it. Where printed forms ready for filling in 
measurements and details are used, this would appear and it is added 
here for clearness. In actual details, however, it should not be 
drawn if it involves extra work and if there is no punching or cuts to 
be shown. 

Fig. 197 shows a channel detail which is similar to Fig. 196 
except that it is coped. In such cases, always specify the size and 
weight of beam to which it is coped and give the relation of the tops 
or bottoms, as for instance, ‘'cope to a 12 in., 31J-lb. I-beam flush 
on bottom'", or “cope to a 12-in., 31rJ-lb. T-beam a 3 shown’". In 
case the beams do not cope flush on top or bottom, the outline of the 
beam to which it copes should be showm in red in the sketch^ and 
the relations of flanges clearly indicated. 

Below the sketch in beam details, is always given the specifica¬ 
tion of size and weight of beam or channel and the overall length, 
the number of pieces wanted and the mark to be put on them. This 
specification is used by the mill in entering the order for its rolling 
list and it is important that it agrees with the detailed measurements 
in the sketch. Also if the beam is cut on a bevel the extreme length 
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of beam required to give the "fjecified bevel should be given. Fig. 
39S shows a beam girder beuiing a shelf angle for the support of wind 
joists, or a ten a cotta arch of ditferent depth from the beam. This 
requires an additional line of dimensions, giving the rivet spacing 
and the length aii<l position of angles. The maximum rivet pitch 
of six inciiea is generally usofl: Where this angle interferes with 
connection holes or separator l>olts, as in Fig. 19S, it has to be cut, 
and in such cases the rivet pitch must he figured out to agree with the 
measurements fixing the connection holes or separators. 

At the top or bottom of a sheet, such general directions as apply 
to the work as a whole are given, as “Rivets, | in. diam. except 
noted”. “Open holes in. diam., except as noted”. “Paint, one 
coat Superior graphite 

The student should carefully study all the dimensions in con¬ 
nection with the cuts, and should thoroughly understand these and 
the problems before starting on the subject of detailing from a plan. 
Note at each side of a beam sketch, are figures preceded by a plus 
or minus sign. These measurements denote the distance from the 
end of the beam in tlie sketch to the center of the beam or column 
or other member to which it connects, or the distance from face of 
the w'all to end of the beam. These figures are not necessary for the 
complete detailing of the beam, but they are of great assistance in 
checking the drawings, as they show just how much is to be added 
to or substracted from the measurements on the setting plan to give 
the length of piece as detailed. 

PROBLEMS. 

1 . Practice making freehand letters of the style shovm on the 
details, both capitals and small letters. Make the letters in each 
word of uniform size, also practice making letters of different sizes. 
This is important as it is often necessary on shop drawings to put 
a note on a part of the drawing where space is very limited, and the 
writing must be small. Make a copy of the alphabet (capitals and 
small letters) and a copy of the numerals; also print the following in 
three sizes: 

“All bearing plates to be faced.” 

One size to have a height of > 5 ®^ in. for the small letters, another size 
i in. high, and the third size io* high. 
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2. Make a shop drawing of a 0-iii. I-beam, G ft. long, with two 
holes for J-iii. rivets iii?op flange at each end, and 11- in. from the 
ends. Also make holes for ]-in. rivets spaced G in. apart in the 
middle of the web for the full length. The end holes should be 3 in. 
from the end of the beam. 

In this example, the only work specified is the punching of the 
rivet holes, and therefore, as no other work is I'eqiiired, the shop 
drawing will consist only of the outlines of the beam, with the rivet 
holes located on the same, and the spacing of the rivets shown by 
dimension lines, as indicate<l in Fig. 19G. 

3. Given a 20-in., Go-lb. I-beam 22 ft long, framed into a 20-m., 
SO-lb. I-beam. The 20-in., G5-lb. I-beam has a 15-in., 42-lb. I-beam 
framed into each side every 5 ft. o in. with its top flush with the 20-in. 
I-beam. If the reaction of each 15-in. I-beam is 7 tons, state the 
number of -2-in. rivets required for the connections of the 20-in., 
6o-lb. beam and for the connection of the lo-in. beam, using 9,000 
pounds for shear and 18,000 pounds for bearing. 

4. Make a shop detail of the 20-in., 65-Ib. beam in the above 
problem, using standard connections. 

DETAILINQ FROfl FRAMING PLAN. 

The student should now become faniiliar with detailing from a 
framing or setting plan. Fig. 199 shows such a plan upon which 
is all the information necessary to detail the different members. 
The information given on such a plan is taken from the various 
general plans of the building. This framing is 'designed for a terra 
cotta arch except the portion having 6-in. beams which is under a 
sidewalk. These beams, therefore, are on a pitch indicated by the 
arrows and the figures .375 which is the pitch in inches per foot. 

The detail of these 6-in. beams is given in Fig. 200. Note that 
at the right-hand end is shown* in outline the girder to which they 
frame, to indicate that it copes on a level with this girder. Note 
also that as the web of this girder is vertical while the beams pitch, 
the framing angles have to set on a slope with reference to the axis 
of the 6-in. beam, which slope is given always by a triangle of meas¬ 
urements, one side of which is 12 in., and the other side inches or 
fractions. Never use decimals for this slope on the details as the 
men at the shop are used to working only to inches and the nearest 
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sixteenth. On a plan it is well to give the slope in decimals, for if 
it is a fraction over or under ii sixteenth, in a long slope some error 
might result in calculating the difference in grades unless the exact 
decimal was u^ed. 

The length of the>e beams is fixed ]>y the measurement from the 
center of the girder to the face of the wall and the bearing of the beam 
on the wall. This bearing is generally S in. or more. The allowable 
pressures on masonry are given in Part T, and by computing the 
reaction on the wall, the proper bearing to give can be determined. 
For the smaller sizes uf beams a method would give a result less 
than S in., but this should be used in such cases where possible. 

The connection holes for beam Xo. 5 are on a pitch with refer¬ 
ence to the axis of the beam, since the webs of beams Xo. 7 and Xo. 8 
set vertically. 

The tie rod holes are dimensioned on the detail but not on the plan. 
These holes are rarely spaced on the plan, but must be on the details. 
The measurements are such as to follow what is indicated by scale on 
the plan and avoid any other holes or connections such as connections 
for beam Xo. 7. Tic rod holes should be shown in groups of two, even 
if only one rod bolts to the beam, as in the case of channel Xo. 2. 

Fig. 201 shows the detail of chamiel Xo. 9. This chaimel re¬ 
ceives the ends of the terra cotta arch along the back and so it is 
necessarj" to rivet an angle on the bottom for the skewback of the 
aroh to rest upon. Xote that this stops a little short of each end in 
order to clear the connection angle at one end and the faces of the 
wall at the other. If the connection angle did not interfere, it would 
be well to run this as far as the flange of No. 15, and cut it to give, 
say I in, clearance froni tliis flange. Note the connection holes at 
the left-hand end for a 9-in. channel have a standard connection. 
'V'Miere the beam or channel is set before the brick wall is carried up, 
this of course can be done; if the wall is already in, it would be neces¬ 
sary to use an angle on one side only. 

There is 1 in. from the center of the holes for the connections 
to the upper edge of the 3 X 3-in. angles. The connection angles for 
these beams come on the inside of the 16-in. channel and clearance 
for driving the rivet on the back is all that is required here. If the 
beams were framed to the back of channel, this angle would have to 
be cut each side of the connection. 



flu Qti/ets f 
flu Open Holes f§ 
Pamf One Coat 



/-I0"-I5*C~ 9-li'L(^ Ofl Mubk First Floor"tio.9 









fUtQiuetsf 

/?//Ope/7 /io/esli£xcept /Votec/ 
Po/nf One Coot 


STEEL CONSTEUCTIOX 


215 



Pig. 202. 


y/oU ,-ioou w Udfl/M/ VO 6uoi^jf9-OI 










STEEL COXSTEUCTIOX 


2Ki 


Fig. 202 shows the detail of beam Xo. 11 which frames to beam 
Xo. 9 at on'e end, and at the other end conies on a lintel at such a 
grade that the beam cannot be framed to the lintel, and owing to 
the small depth of the lintel, it is not possible to put a. shelf angle 
on to receive the end of the 9-in. beam. The most practicable 
way, therefore, is to cut the 9-in. beam and rivet on angles which 
will bear directly on the top of the lintel beams. These angles have 
genei'ally either a O-in. leg or a o-in. leg in order to contain sufficient 
rivets to take the reaction of the beam at this end. In this case, 
the cut being small as regards the depth of beam, there is sufficient 
web area along the inside edge of these angles to proidde for the shear. 
If the beam had been a deeper one, and the end reaction much 
larger, this might not have been the ease. The shear angles would 
then extend back to the uncut portion of the beam far enough 
to provide rivets to carry wdiole reaction to tlie angles, and the same 
number of rivets would be recjuired in the portion over the bearing 
area. In general, this construction which is shown by Fig. 136, in 
Part II, should be followed. The holes in the horizontal legs of these 
angles must be spaced to agree with the holes in the flanges of the 
lintel beams, and are determined by the spacing of these beams and 
the standard gauge in the flanges. Note that t-in. rivets are th 
maximum which can be used in the ’flange of a 7-in. beam, and tha 
the holes for tie rods are not in the center of the beam. The posi 
tion of such holes Varies; sometimes they are specified to be nea 
the bottom of the beam. At other times where different size beams 
are used, as in this case, the spacing is such as to approximate the 
centers of all. 

Fig. 203 shows the detail of the lintel beams to wliich beam 
No. 11 connects. The table on page 44, Cambria Handbook, gives 
the standard spacing for double beams. These spacings cannot 
always be followed. In this case the beams are spread more so as 
to bring the flanges nearer to the outside faces of the wall which rests 
upon them. Separators are always placed at ends over the bear¬ 
ings and at varying distances, center to center, as noted in Part II. 

Fig. 204 shows the detail of No. 15. Obserye the difference in 
details of two ends; one coming on the cast iron column and one on 
the steel column. 
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As the beam is a lo-in. heaia, while on one side is a 12-4n. terra 
cotta arch, it is necessary to provide an angle on this side. The 
bottoms of the 9-in. beams ai'e 3 in. above the bottom of this lo-in. 
girder, and if the connections were central with the 0-in. beams, 
the first hole would be Oi in. from the bottom of the 154n. beam. 
In order to get clearance between this hole and the upper edge of 
shelf angle sufficient to drive the rivet, and to avoid cutting the 
angle at each connection, the shelf angle is dropped, making the 
upper side of the outstanding leg flush with the bottom of the 12-in. 
beams, and the connection on the 9-in. beams raised in. 

Fig. 205 gives the detail of beam Xo. 12. In this case, the 
length of beam cannot be obtained directly from the framing plan, as 
the beam No. 1 is not perpendicular to beam No. 12. The difference 
in measurement of the ends of No. 1 from the wall line is 1 ft. 10 in., 
and the length parallel to this wall and square vdth beam No. 12 is 
12 ft. S in. from the center of the column. As No. 12 is 4 ft. 2} in. 
from the center of the column, the bevel from the column to No. 12 is 
4.21 

__ X 22 — 7.31 inches, or in., to the nearest sixteenth. 

The length of No. 12 from the face of wall to center of No. 1 
on this line, therefore, is 14 ft. lOf J 'in. The bearing on wall being 
8 in., and the clearance at the other end J in., the total length of 
beam is 15 ft. 6in. 

The girder No. 1 coming under the sidewalk is 4 in. lower than 
beam No. 12. This is not enough to get a shelf angle on the girder, 
or to get angles over the top of the girder, as in the case of beam 
No. 11. It is necessary, therefore, to drop the connection on No, 12 
and notch the beam over the top flange of No. 1. This notching is 
not figured on as reducing the required number of rivets in the con¬ 
nection, but does give an added element of strength and of stiff¬ 
ness. In order to get the connection in, it is necessary to go within 
1 in. of the bottom flange of No. 12 and the top flange of No. 1; thus 
encroaching somewhat on the fillet in each case. As the required 
number of rivets can not be obtained in two lines, as is generally the 
case, it is necessary to use special spacing as shown. The connection 
specifies bent plates rather than angles; where the bevel is over 1 in. 
to the foot, it is customary to use plates. 
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Fig, 200 gives the detail of channel Xo, 17. This channel has 
a single angle framing. This is a case where the channel comes into 
a wall so that a connection angle on the back side cannot be reached. 
In order to get the necessary number of rivets in the outstanding leg, 
therefore, a 6 >' G-in. angle must be used. The holes at the left- 
hand end in the web are for the connection of a channel similar to 
what is shown in the end view. 
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Fig. 207. 


These holes are located 
from a line which in turn 
is located from the end of 
the channel; this axis is 
the back of the channel 
framing in. 

Fig. 207 gives a schedule 
of tie rods and of field 
bolts, and of bearing plates 
for the framing as shown on 
Fig. 199. 

Note the over-all lengths 
of the tie rods is 3 in. longer 
than the length, center to 
center of beams. This al¬ 
lows 1^ in. for the two 
nuts, about f in. for half 
the thickness of the two 
webs and about -jV in. pro¬ 
jection of rod beyond the 
nut. 


The length of field bolts 
is always given from the underside of the head to th^ end of the bolts. 
The grip is the thickness of the metal between the underside of the 
head and the nut; that is, the thickness of the connection angles and the 
web.‘ A projection of J in. or J in. beyond nut should be allowed for. 

Fig. 208 shows the setting plan of another floor, a part of which 
the student will be required to detail as problems. 

Fig. 209 shows the detail of the beam’ girders. Nos. 2 and 3. 
As the beams are spaced close together, connections can be used only 
on the outside of the webs. The same number of rivets in the out- 
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standing legs must, of course, be used, as would be required for a 
double-angle connection, and more rivets must be used through the 
web, as these are in single shear instead of bearing or double shear. 
In the case of the beams shown, seven rivets are all that are necessarv^ 
although the standard connection requires eight. 

In such a connection as girder So. 2 to girder No. 1, it is neces- 
saiy to use bolts, as there is no way of riveting. In the case of the 
connections of beams to girders Nos. 2 and 3, rivets might be used 
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by separating the two beams forming each girder and sliding the 
framing of each outside bay over on the wail far enough to get in 
between the beams of girders to hold the rivets. After all the beams 
had been riveted up, the whole frame could then be moved back into 
position, and the girders bolted up. Such an operation would be 
expensive, as it would require considerable extra moving of the beams. 
In general, bolts through webs of both beams would be used. If the 
connection was very heavy or the greatest possible number of bolts 
barely sufficient for the load, turned bolts should be used. In ihis 
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case, the holes should he punched in. .^mailer than the diameter 
of the ii\et, and then reamed to a diam£*ter in. larger than the rivet 
so as to remove all ragged edges; the bolt^ would }>e turned do\Yn to a 
true diameter, the exact size of hole-., for their whole length. 

Fig. 19S shows the detail of girder Xo. 1. This girder receives 
a terra cotta arch on each side and as the girder beams are deeper 
than the floor beams, angles must he used to receive the arch. These 
angles have to be cut to clear the connection angles on the beams 
framing in, however. The separators must be spaced so as not to 
interfere with the rivets in the shelf angles. 

The student should carefully study every detail sho^\Ti in the 
preceding cuts, and should thoroughly understand every feature of 
them and every note, and the reason for all the special features ap¬ 
pearing in them. He should work out for himself all the measure¬ 
ments given by the details so that he will understand these and know 
just how to proceed in other cases. 

TOOBLEMS. 

1. Make a shop detail of a 10-in., 25-lb, beam, 12 ft. long, 
resting 8 in. on a brick wall at each end and having holes for anchors 
at each end, and holes for tie rods in the center. 

2. Make a shop detail of a 12-m., 40-lb. beam, 15 ft. long, 
framing into a 15-in., 42-lb. beam flush on bottom at one end and 
into an IS-in., 55-lb. beam 1 in. below the top at the other end. The 
12-in. beam has holes for three 8-in., 18-lb. beams with standard 
connections spaced equally throughout the length, center to center, 
between girders. 

3. Make a shop detail of a 9-in., 21-lb. beam with a 4 X 3 X f- 
in. angle riveted to the beam the full length. This angle to be placed 
with the horizontal leg down and as near the bottom of the 9-in. beam 
as possible, and the 4-in. leg to be out. The beam rests on a wall 
8 in. at each end and it is 13 ft. 9 in. between walls. 

• 4. Make a detail covering channels No. 7 and No. 8, shown in 

Fig. 199. 

5. Make a detail of channel No. 17 in Fig. 199. 

5. Make a detail of channel No. 10 in Fig. 199, 

7. Make details covering the 5 to 8-in. beams, and the 14 to 
17-in- beams in Fig. 208. 
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COLUMN DETAILS. 

There are five main features in the detailing of a column. 

1. The base or foot of the column. 

2. The shaft or the line members composing the column 

3. The cap or top of the column. 

4. The connections for other members to the column. 

5. The bill of material required to make up the completed 
column, 

A column detail is of necessity more complicated than a beam 
detail and may at first appear so confused as to be unintelligible. 
If the student will bear in mind> however, these five features and take 
each by itself, it will soon become clear. 

Details of Base. The character of the base or foot of the 
column depends upon what it rests. If this is the first section of the 
column, it will generally rest on a cast iron ribbed base, or a plain 
steel or cast iron plate. It is the duty of the designer and not of the 
draftsman to determine which one of these will be used. 

Fig. 224 shows a detail of a foot of a column resting on a cast 
iron ribbed base. The base is always designed so as to take the load 
of the column by direct bearing between the line members and the 
top of the base, and the angles which are riveted to the column are 
intended simply to hold it in position in the base. 

If a plain cast iron plate is used, a connection similar to the 
above would generally be used, because in this case the load would 
be light and the plate thick enough to withstand the upward pressure 
without spreading the foot of the column. Such plates must be cal¬ 
culated in the same way explained for bearing plates under beams. 
See Part II, page 96. The projection of the plate beyond the shaft 
is exposed to bending just as the plate under a beam is where it pro¬ 
jects beyond the flange. 

If a steel base plate is used, this is generally riveted to the col¬ 
umn and the load then must be spread out beyond the lines of the 
shaft by vertical plates or angles, called shear plates or angles, so 
as to avoid an excessive bending moment. The size and shape of 
this plate are determined by the area required to properly distribute 
the load on the masonry and the direction in which the foot can be 
most readily spread by means of the shear plates and angles. The 
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thickness of the plate is determined by the same formula as before 
used for cast iron and bearing plates; generally it is -2 or 1 in. thick. 
The projection is the distance beyond the edge of the shear plate, 
or the outstanding leg of the shear angle. 

The number of rivets between the column and the shear plate 
or angle is determined by considering the area exposed to bending, 
as the outer edges of the base plate and of the shear plate. The load 
being uniformly distributed, the pressure per square inch is the total 
load di\’ided by the total area of the base plate, and the load on 
rivets in the shear plate, therefore, is tliis unit pressure multiplied 
by the area over which the shear plate distributes it, as above stated. 
The balance of the column load may be considered as distributed by 
direct bearing of the line members on the plate. 

It is generally not necessary to use more than six rivets in one 
line for connection of shear plates, and some system of plates and 
shear angles should be used so as not to -exceed this number, or if 
this is not possible, a cast iron ribbed base, or a smaller steel plate* 
bearing on steel beams should be used. The exact number of rivets 
determined as above may be decreased somewhat if this exceeds six, as 
the plate, even if notsupportedby the angles or shear plate, is capable 
of taking some of the load before bending would result. Judgment 
determines largely how much consideration can be given to this factor- 

If the column is an upper section, and rests on the top of another 
section, the foot is then generally of a character similar to what is 
shown in Fig. 214. It is, of course, essential that the holes in the 
foot should match the holes previously detailed in the cap of the lower 
section. Where a horizontal splice plate is used, this should be large 
enough to bear over all the line members. Where the column be¬ 
low is of greater dimension, the fillem must be shipped bolted to the 
foot of the column. 

Cap Details. These are of the general form shown in Figs. 
211 and 214. They will vary somewhat according to the sections 
composing the column. In high buildings it is essential to have 
vertical splice plates to give the necessary stiffness to the joint. Usu¬ 
ally this splice plate extends far enough up to take three lines of 
rivets. The ends of the columns are always faced to true plates at 
right angles with the axis of the column, and so the splice plate is not 
designed to transmit any of the vertical load. 
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In arranging tlie holes in the cap, it is necessary to consider 
the section which comes above so as to space these holes to conform 
to what may be feasible in the foot of the upper section. This other 
section may be of smaller dimensions, and it may then be necessary 
to space the holes in the lo\ver section closer, so as to make it possible 
to rivet up w'ithout interfering with the line members, or coming too 
near the edge of the connection angle. 

Shaft Details. This consists in locating all shelf and bracket 
angles and connection holes, or other special connections, and in 
spacing the rivets so as to conform to these connections, and not to 
exceed the maximum or minimum distance. 

The rivets in shelves and brackets having been spaced, and the 
position of these on the shaft from the top and bottom having been 
feed, it only remains to diride the space into as many equal rivet 
spaces as possible, and put the odd spaces near the top or bottom of 
the shaft. 

Six inches is the maximum pitch allowed, and if the metal 
through which the rivet goes is less than f in. thick, the maximum 
pitch is sixteen times this thickness. Three times the diameter of 
the rivet is the minimum pitch which can be used. 

Illustrations of Column Details. In making column de~ 
tails, the views are not complete views, regarded as mechanical 
drawings. The essential feature is clearness and, as the drawing 
must of necessity show as many details, it is important to omit what 
is not necessary. For instance, a column which is made up of four 
angles and a w'eb plate should show, to be complete, the dotted lines 
indicating the legs of the angles riveted to the web. It adds to the 
clearness, however, to omit these where a connection comes on the 
flange. Similarly, in showing a view of the flange, it will add to the 
clearness to omit showing the connection angles which rivet to the 
web and are sometimes indicated back of the flange by dotted lines. 

In the case of the web view, it is generally necess 
what is on both sides of the web, as except in special cases, one 
elevation only of the web is given. 

Pig. 210 gives the detail of the cast iron column shown on the 
setting plan in Fig. 199. The foot of the column rests on a solid 
cast iron plate and. sets into a ring on this plate to prevent lateral 
movement. There are a variety of details for holding the foot of 
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the column in place, but this is one very generally used. The rela¬ 
tion of the bottom of the base plate to the finished floor line should 
always be given to enable the plate to be set at the proper grade. 

Connection of beams to columns is by a shelf under the beam 
and a lug bolted to the web to hold the beam in position. The top 
surface of the bracket should slope about in. so as to avoid the 
tendency of the beam when it deflects to bring the load on the outer 
edge of the bracket. 

The lugs are generally -o- or f in. thick. The bracket should 
of course be wide enough to receive the flange of the beam. The 
thickness of the bracket and rib under it varies with the load. This 

rib in general is beveled at an 
angle of 30 degrees with the axis 
of the column. The accompany¬ 
ing table gives the thicknesses 
wdiich are sujBScient for most 
cases.- 

The lugs are braced by ribs 
back to vhe column shaft so as 
to prevent being broken off. 
The flange at the top which 
connects the two sections of the 
columns may be | in. or more, up 
to IV in. in some cases; for usual 
sizes of columns, f or 1 in. is 
suflScient. The holes in the 
flange must be spaced so as to 
enable bolts to be turned up 
without interfering with the shaft 
of the column and the distance 
from the top of the beam to underside of the flange must be sufficient 
for this purpose. 

Fig. 211 gives the details of the beam connections, and the cap 
for column No. 2 in Fig. 199. This is not a complete shop detail 
but shows one of the steps in the complete detailing of a column 
which is generally the first step; namely, the drawing of connections, 
locating the same on the shaft and spacing rivets in the connections. 
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Fig. 212. 
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Note that the spacing for holes in the cap and In the shelf angles 
is given in a separate plan, and in this plan the holes are located 
with respect to each angle ami are aLo located by measurement 
between holes on opposite sides of the axis of the column. This 
is advisable in case there is any variation in the measurement back 
to back of the column angles, or between outside faces of angles. 
After the column is riveted up, other measurements can be adjusted 
to the over-all measurements between holes; this measurement is 
also useful in checking. 

The cap angles are bolted on for shipment. In many cases 
it would be impossible to place a beam between the webs of two 
columns without taking off the cap angles; for this reason, cap angles 
on the web should always be shipped bolted on. Cap angles on the 
flange, in many cases, do not require to be bolted on. Where there 
are flange plates, the rivets must either be flattened or the beam 
cut short to allow clearance for the rivet heads. Where the spacing 
between the vertical lines of rivets in the flange is sufficient to allow 
the flange of the beam to be lowered between them, the cap angles 
could be bolted on and the rivets would not then need to be flattened. 

The draftsman should constantly have clearly in mind what is 
necessary to enable the structure to be erected. The details must 
often be modified in some way to avoid a construction in which it is 
impossible to erect some member- 

The outstanding legs of 'shear angles under the brackets are 
here shown riveted together. As previously stated, many details 
are made with only one shear angle, and where two are used they are 
not always riveted together. For ordinary loads it is not essential 
to rivet them together, but is better construction and should always 
be done where the loads are very considerable. 

Fig. 212 shows the detail of a column composed of two angles, 
back to back, and Fig. 213 gives the bill of material. The only 
loads in this case are from the beams over the top. If a beam was 
framed into the shaft of the column parallel with the axis of the 
two adjacent legs, a connection of a plate riveted to these angle 
with shelf angles riveted to this plate similar to what is shown for 
the head, could have been used. The student should study care¬ 
fully the bill of material of this column, and thoroughly understand 
each item and the notes regarding the shop work to be done. 



STEEL CONSTKUCTION 


m 


Fig. 214 shows the second section of a box column made of two 
channels with flange plates. Table Y, Part I, gives the distance 
back to back of channels, in order that the radius of gyration shall 
be equal about each axis. In a box column the distance back to 
back of channels, should never be less than this. The Carnegie 
Company and most other shops have standard spacings for such 
columns which should in general be followed. 

As the flange plates on this section are not as thick as those on 
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Pig. 215. 


the lower section, it is necessary to ship filler plates bolted to the 
column. 

There are two beams framed to each flange of this column so 
that the shear angles are spread to come as nearly as practicable 
under the web of the beams. These angles cannot always be made 
to come directly under the web on account of the relation between 
the spacing of beams and the spacing of rivets through flanges of 
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channels of columns. Some variation in size of angles can be made, 
however, at times to eifect this result. 

here box columns are used, it is better to keep the spacing 
back to back of channel the same throughout all sections. If this 
is less in the upper sections, it brings the load of this section on to the 
horizontal splice plate between the sections. The distance between 
the cap and shelf angles is generally I in. more than the depth of the 
beam, to allow for clearance. The rivets between the cap and shelf 
angles are flattened here, as with one beam in position there would 
not be space to lower the other beam between the rivet heads. 

Fig. 21o gives the bill of material for these box columns. Fig. 
216 shows the framing of the beams coming on columns No. 1 and 
No. 2. detailed in Fig. 217. This column has a heavy steel base 
ri\cted to it. The load on the section is 205,000 pounds and it will 
be seen therefore that the rivets in the shear plates are amply suffi¬ 
cient for the portion of the load coming upon them. The plate W 
riveted to the web increases the bearing area of the foot of the column 
and adds somewhat to the efficiency of the base. 

In this connection and in such cases where shear angles are 
used over a shelf angle involving the use of a filler, below the shelf 
angle and back of the shear angles, as sho^*n by the details of this 
column, the student should note the difference between a tight and 
a loose filler. 

Fillers G and R are loose fillers. They have no rivets holding 
them individually to the main members. The stress in the rivets 
through such a filler does not go into the filler, as there are no extra 
rivets to take it out again from the filler to the main members. Such 
rivets, therefore, are subject to bending if calculated for their full 
value. They should not be considered for more than one-half the 
value of rivets directly connecting the njain members. Filler W is a 
tight filler as regards the two rivets through the angles X on the axis 
of the column. A tight filler has provision by additional rivets for 
taking the same amount of stress from itself to the main member as it 
receives. 

The open holes shown in the base plate are for anchoring to 
the footing—such heavy columns are not usually anchored except 
in special cases; it is well, however, to provide for this if there is any 
possibility of its being required. 
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In the connection for floor beams it will he noted that a 10-in. 
beam comes in on one side of the web and a 12-in. beam on the other 
side. Such cases often result in special cap angle details in order 
to provide for riveting without interference on either side. In this 
case it is impossible to get the upper holes in cap H more than } in. 
from the upper edge of cap INI unless these holes are brought nearer 
the upper edge of H than IJ in., which it is undesirable to do. It is 
necessary, therefore, to add an extra filler B B to fill out flush with 
the angle X so as to be able to rivet. The student should follow the 
detail through and see just why this condition results from the meas¬ 


urements given. 

The four rivets in angles L are countersunk on the fa’’ side so as 
to avoid a filler and riveting through angle N. 

The 10-in. beam connecting on the flange of the column at one 
side of the axis, recpiires a connection 
similar to that shown. If the load com¬ 
ing off the axis was very heavy, a deeper 
shear plate would be used back of the 
shelf angle, and it would. be better to 
run this shear plate across both angles 
of the flange, both to provide for the 


/Yec/fra/ 


/7x/s 


bending on the rivets and also to distri- 


Pig. 222. 


bute the load more uniformly with respect to the axis of the column. 

There are no standard details for eccentric and special framings. 
The draftsman must use his judgment and endeavor to get as simple 
and effective connections as possible. 

The section which comes on top of this one has 5-in. angles, 
in order to use standard spacing in these angles, therefore, the spac¬ 
ing in splice plates has to be on a special gauge and this place is 
beveled to give a neater appearance when the two sections are riveted 
together. Fig. 218 gives the bill of material. 

Fig. 219 gives the detail of an angle over an opening resting 
in a wall at one end and framing to a beam at the other. The holes 
in the horizontal leg are for secyring the frame of the window. As 
this angle has framing on one end only it is not reversible and there¬ 
fore for the wall on opposite side of the building the angle must be 
made opposite handor reversed. 
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Fig. 221. 
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Fig. 220 gives the detail of a spandrel girder and shows in out¬ 
line the relation of the stone facing to the girder. This wall section 
is a pier and the width of it is indicated by the length of the 8-in. 
channel at the right-hand end. At the opposite end the wall is only a 
covering for the column and is carried on the column. This channel 
supports the block surrounding it, which in turn supports the mass 
of stone above; the course below is hung by anchors, to the S-in. chan¬ 
nel. The channel is supported by brackets from the beams wdiich 
are detailed separately for clearness, although they are shipped 
riveted to the beam. The connection A runs back to the column. 
There are two floor beams framed to the girder, but as the space 
between center of beams is 11 in. there is sufficient room to drive 
rivets passing through only one beam, and this is preferable, there¬ 
fore, to using through bolts. 

Note the specification ‘‘Ship Unassembled’^. This means that 
the two beams are not bolted together for shipment. 

Fig. 221 gives the detail of a cast iron base for a plate and angle 
column having a 12-in. web. The outlines of the members of the 
column shaft should be carried down by similar outlines in the cast 
iron base. In this case the box of the base is H-shaped and the 
centers correspond to the centers of the shaft members. The thick¬ 
ness of this box under the column must be suflSicient to carry the 
whole load of the column without exceeding the safe compressive 
strength of cast iron. The size of the base depends upon the area 
required to distribute the load on the footing. The purpose of the 
ribs and base is to resist the tendency to break, due to this uniformly 
distributed load on the footing. Failure would generally occur 
through the bending action of the portion of the base projecting 
beyond the box. The moment on this may be figured as for a beam 
fixed at one end and free at the other and loaded uniformly with the 
load per unit of bearing surface. 

Taking one rib and the base half way on each side between the 
next rib would give a section at the box, which may be taken as the 
fixed end, similar to Fig. 222. Calculate then the position of the 
neutral axis and figure the moment of inertia of the section about 
this axis. Having determined the bending moment for the width 
between the ribs, the fiber stress in tension and compression can be 
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found by the formulas used in calculation of beams. 


/ = where 


]M is the bending moment in inch pounds, y the distance from the 
neutral axis to the extreme fiber, and I the amount of inertia, 

A section must of course be assumed at the outset and it may be 
necessary to modify this to come within the requirements* It is 
necessary also to calculate the stresses at the most unfavorable sec¬ 
tion, and to see that there is suflScient metal across the corners to 
prevent cracking diagonally between the foot of the ribs on adjacent 
sides. 


Different sections of columns require, as previously stated, 
different sections of box under the column, and this would affect 
the arrangement of the ribs more or less. These ribs in general 
should be at an angle of 45 or 60 degrees. In some cases lower bases 
can be used, but these are of course subject to greater bending strains* 


PROBLEflS. 


1. Given a 12-in., 31 Hb. beam framed to a column at each end, 
the distance between faces being 12 ft. 2} in. The beam has two 
/-in., 15-lb. I-beams framed on one side and opposite these in each 
case is a 12-in., 31*J-lb. I-beam. The distance from center of con¬ 
nections to the face of the column at each end is 3ft 5| in. Make 
a shop detail of the 12-in. girder, all beams being flush on top. 

2. In the above problem, if the 7-in. beams frame at the other 
end to a 12-in., 3lHb. beam along a wall, both being flush on top, 
and it is 11 ft. center to center of girders, nlhke shop details covering 
both 7-in. beams. 

3. Given a 15-in., 33-lb. channel framed to a column at each 
end, the distance being 16 ft. in. between faces, and the channel 
having a 3J X 2J X J-in. angle on the back side, with the long leg 
vertical and If in. from the bottom. A 10-in., 25-lb. beam frames 
flush with bottom of the channel 5 ft. 4^ in. from face of each column. 
Make detail of above. 

run Building Columns. Fig. 223 gives the detail of the 
columns shown in Fig. 186, Part II, and by the plate on the preceding 
page. This is a latticed channel column. Each flange is double 
laced, that is, it has two systems of lattice bars. In many cases such 
columns have only one system across each flange; in such cases the 
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l)ars on one flange would cross those on the opposite flange; just as 
if one system shoTvm by Fig. iSh was on one flange and the other 
on the other flange. 



Fig. 226. 

Tills column has a bracket for a crane track girder with a dia¬ 
phragm bracing the crane girder to the column. The roof column, 
as shown by Fig. 186, is a plate and angle column and sets down 



between the channels, as the web runs at right angles to the web of 
the channels. It is always better to avoid re-entrant angles in a 
plate if possible. In a case like this where a bracket plate comes into 
the lines of the column at the top and there is a plate the width of the 
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flanges above this point, it is better to make this a separate plate. 
If this plate is necessary for the effective arf‘a of the colinnn the joint 



can be faced. The bracket and shelf angles on the plate are for a 
beam framed between columns- 





Fig. m 

The student should be able to follow this <letail and understand 
all the points without further explanation. 
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Fig. 224 shows another t^^pe of column made of a web plate and 
four angles with channels across the flange angles, the flanges being 
turned in. 

There are various reasons for turning the channels with flanges 
in; iiere it is desirable to have a 10-in. arch for stiffness, and the thick¬ 
ness of the wall in w'hich this column comes makes it necessary to 
turn the flanges in; this also allows the column to set flush with the 
inside face of the wall and gives a smooth surface. Then again, 
this gives good connection for the cranes girder bracket and for 
the wind strut below, at X and O. 

The top of this column receives a hea\w floor girder and another 
column; the latter column is made of a smaller web so as to provide 
a seat over the main column members for the girder. Fig. 225 gives 
a detail of the wind strut which frames between the columns. 

In columns of the t\"pe shown in Fig. 224, the dimensions must 
be such as to give room between the flanges of channels, and between 
the flanges and web, to rivet up the different members. 

For light building construction columns are sometimes made of 
hollow iron pipe fitted with a cast iron cap and base. The dimen¬ 
sions, weights, etc., of standard steam, gas, and water pipe, as manu¬ 
factured by the American Tube and Iron Co., will be found on page 
344, Cambria Handbook. Fig. 233 gives a diagram giving the 
strength of VTought iron pipe in compression’^ according to the 
formula 

10750 - 399 I- 
r 

in w^hich L = length of column in feet 
r = least radius of gyration. 

For example, suppose we wish to select a size of pipe suitable 
for supporting a load of 25,000 pounds, and having a length (or 
height) of fifteen feet. Along the left hand side of the diagram, 
under ^"thousands of pounds” find 25 (i.e. 25 thousands), and then 
find the length ( = 15 feet) along bottom line of the diagram. Fol¬ 
low the vertical line at 15 feet until it intersects the horizontal line 
through 25 thousands, and the nearest inclined line above that point 
will give the diameter of the pipe to be used. In this case a 5-in. 
diameter will be required. 
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Strength ofWtot Iron Pine 



Ltngths or Columns In Foot. 
Pig. 234. 



Pig. 235. 



















Fig. 236. 



Fig. 237. 
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PROBLEMS. 

1. Fig. 226 shows a framing plan on which is all the informa¬ 
tion necessary to detail the different members. Make a detail of 
column No. 4, assuming that the bottom of the column rests on a 
cast iron web base 12 ft. below the top of the lo-in. beam No. 9, and 
that the column is arranged to receive another column of the same 
size, the joint being 1 ft. 0 in. above the top of the 15-in. beam. 

2. Make details coveiing the 10 to 13-inch beams in Fig. 20$. 

3. IMake a schedule of tie rods and of field bolts required for 
all frammg shown in Fig. 20S. 

4. Suppose that in Fig. 190 the cast iron columns had a 12-in., 
3ll-lb. beam instead of the 15-in. beam, a 7-in. instead of the 10-in. 
beam, and a 9-in. instead of the 12-m. beam, and that all beams were 
flush on top and the other features the same as shown in Fig. 210. 
IMake a detail of such a column. 

5. Make a bill of material for the column shown in Fig. 224. 

6. Given a portion of a framing plan as shown in Fig. 22G. 
Make shop details of (a) beam No. 1 resting on the column, (b) beam 
No. 2, and (c) channels No. 3 and 4. 

7. Given a ])eani box girder framed between two columns as 
sho\\Ti in Fig. 227. Make a shop detail of this girder using a uniform 
pitch of rivets of 3 in. in the plates. 

8. Given a lintel composed of two 10-in., 15-lb. channels 
framed bet^\een two columns, the channels being placed with the 
flanges turned in, 10 in. back to back, and 14 ft. S in. between the faces 
of columns. Make a complete shop detail and order for all parts. 

9. Given a pit under an elevator to be framed witll^3 X 3-in., 
6.6-lb. Ts, 17-in. on centers, to receive terra cotta tile. These Ts 
frame between the webs of 15.-in., 42-lb. I-beams at each end, which 
are 7 ft. 3 in. center to center. The distance from the top of the beams 
to the bottom of the flange of the Ts is 6 in. Make a shop detail 
of the Ts. 

10. Given a portion of a framing plan as shown in Fig. 228. 
IMake a shop detail of beams No. 1 and 2 which are framed between 
columns. 

11. In the above plan make detail covering beams, No. 4 and 5. 

12. Given a 15-in., 42-lb. beam framed between the webs of 
two columns^ 20 ft. 8 in. center to center on a line perpendicular to 
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the axis of the welxs, and the center of one column is 1 ft. 9 in. off 
from the other in the direction of the webs. The webs of the columns 
are \ in. thick. The beam has a 12-ft., 3lUlb. beam framed to it, 
2 ft. 1 in. from the center of one column, the tops being flush. There 
are also holes for two lines of -]-in. tie rods. Make shop detail. 
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The 52,500-lb. girder for foundations being put in place, showing method of setting heavy girders on solid earth. The girder is low¬ 
ered near to its proper location; then, with the aid of rollers and stone ja,cks, it is worked into i)lace gradually. It 
is secured by hold-fast lines to keep it under control of the workmen. 
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RIVETED aiRDERS 

Functions of Flanges and W eb- Riveted girders are made up of 
two general parts (a )—^tlie top and bottom members—^which are 
termed, respectively, the iop and hottom flanr/cs; and one or more ver¬ 
tical plates (6), called the ivch^plate^ connecting the top and bottom 
flanges. 

Girders of one web-plate are called single--iveb girders; of two 
plates, douhle^-'ch girders; of three plates, friple-iceh girders. Figs. 
240, 241, and 242 illustrate these different types. 

The function of the flanges is to take the compression and tensile 
stresvses developed in the outer fibers by the beam action. The func¬ 
tion of the web is to unite these two flanges and to take care of the 
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shear. These functions are distinct. In a rolled beam, the stresses 
are considered to be distributed over the whole cross-section just as in 
a rectangular wooden 'beam; and this stress varies uniformly from the 
neutral axis. A rolled beam, therefore, is proportioned by using the 
l;eam formula, and determining from it the required moment of inertia. 

A riveted girder, however, is not a homegeneous section; the 
flanges are separate from the web, except as they are united to it at 
intervals by rivets. For this reason the stress in the extreme fibers on 
the compression and tension sides is considered as concentrated at the 
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center of gravitv of the flange^ and the flanges are considered us taiving 

all the compression and tension stress. 

The bending moments caused bV the vertical loads acting on the 

girders are considered as re- 

— —I ^an% sisted, therefore, by their 

tension and compression 

stresses, which form a couple 

whose arm is the distance be- 
c 

tween the centers of gravity 
of the two flanges, as illustrat¬ 
ed bv Fig. 243. 

Ce nter Of'Qrtj), 4y ' Boriorh , ,/^tange 1^** Oft i OH IHg Flan gGS« 

Referring to Fig. 244, if the 
Fig. 243. bending moment on the girder 
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Fig. 244. 

is ]\I, and % is the distance between centers of gravity of flanges then 

« the tension and coinpression forces necessary to balance 
the bending moment. 

If = Allowable Stress per square inch in compremon, and if 
ft •= Allowable Stress per square inch in then 

F 

-p = Area required in compression flanges, and 
F 

r Area required in tenjihm flaniyft. 
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The values of ^ an<l ft vary with tlie class of construction in which the 
girders are used. These are generally specified in each case. The 
usual values for different classes of construction are as follows: 

ALLOWABLE VALUES 

For Buildings: 

ft (tension) == 15,000 pounds per square inch, net area. 
fc ('compression) = 12,000 pounds per square inch, gross area, re¬ 
duced for ratio of unsupported length to width of flange. 
fs (shearing stress) = 12,000 pounds per square inch, net area. 

For Highway Bridges: 

= 13,000 pounds per square inch, net area. 

/c = 11,000 pounds per square inch, gross area, reduced for ratio of 
length to width of flange. 

/g = 10,000 pounds per square inch, net area. 

For Railway Bridges: 

*= 10,000 pounds per square inch, net area. 
fo S,000 pounds per square inch, gross area, reduced for ratio of 
length to width of flange. 
fs « <S,000 pounds per square inch net area. 

The practice regarding the reduction of allowable compression 
stress varies somewhat; but the following formula is a conservative 
one for general use: 

. _ 

7 P * 

^ sTooow 

where / = Fiber stress to be used in compression; 
fc = Specified fiber stress unreduced; 

I == T.ength of unsupported flange (in inches); 

\V «== Width of flange (in inches). 

In ordinary construction, the fact that the two flanges are gener¬ 
ally made of the same section makes it unnecessary in many instances 
to consider this reduced compression-fiber stress. If the unsupported 
length of top flange is long, however, so as to make the section deter- 
* mined for bottom flange insufficient, then both flanges should be made 
the same as that required by the compression value. 

When the girder is short, and the web-plate is not spliced, allow¬ 
ance is sometimes made for the portion of the compression and tension 
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whicli the web may carry. In doing this, the net area of the web— 
deducting rivet-holes—is considered concentrated at the centers of 
gravity of the flanges, and as reducing the required area of the flanges 
by an amount equal to I i /qj in which i == thickness of web, and 7q 
= depth. ^Mien this assumption is made, therefore, the required 


area of each flange is y — J-if /q, 


in which / is the compression value for 


the top flange and the tension value for the bottom flange. 

There is a considerable saving in the templet and shop work if 
both flanges are made alike; the extra weight in one flange which may 
be added, will often ])e more than offset by the saving in shop work. 

It is a very general practice, therefore, to make both flanges alike 
in section, determining this by Avhichever flange requires to be the 
larger. 

Economical Depth of Web. It will be seen that the areas re¬ 
quired for ihe flanges are dependent on the depth of the web. Where 
there are no conditions limiting this depth to certain values, it is de¬ 
sirable, therefore, to fix it so as to give the most economical section. 
For a uniforndy distributed load, this depth is generally from -J’ to 
^ of the span. Sometimes several approximations of this depth 
can be made, and the corresponding areas determined; and then, i)y 
computing the weights of flanges and web-plates so determined, the 
most economical section can be chosen. 

In a great many cases, especially in building construction, the 
economical depth cannot be usecb because of conditions fixing this 
depth with relation,to other portions of the construction. In other 
cases, certain sections of plates and angles must be used in order to 
obtain quick delivery; and accordingly, the depth must be fixed to 
harmonize with these sections. 

Proportioning the Web. As before stated, the function of tlie 
web is to resist the shear. 

The student should hero note that, as explained under “Statics,'' 
the loading which will produce maximum shear is not necessarily the 
same as that which causes the maximum bending moment. 

In highway and railway girders, this loading is always different. 
In building construction it is very often different, because certain 
beams may frame into the girder over the support and thAse beams 
must be considered in determining the shear although they are not con- 





STOCK EXCHMGE BUILDING, CHICAGO, ILL. 

Louis H. Sullivan, Architect, Chicago, Ill. 

Walls of Terra-Cotta. Completed in 1908, Building Operations Covering a Period of One 
Year. Cost, about ll ,250,000. 
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siclered in determining tlie lending n-LomerLt- Again ^ a girder may 
carry a wall, and a portion of tliis wall may come directly over the end 
supports of the girder. This portion will materially increase the 
shear while perhaps not affecting the heading moment. 

The general statement of loads to be considered in. determining 
the shear wdiere all loads are fixed in position, is to include all loads 
which directly or indirectly can come upon the girder, and to deter¬ 
mine the maximum end reaction for these loads, (The determination 
of Vv'eb shear for moving, loads, will be treated under Bridge Engi¬ 
neering).’' Sometimes the shear at one end is greater than at the other, 
in which case the section is fixed by the requirements at the end having 
greatest shear. 

Having tletermincd, therefore, the maximum shear, the required 
area of web is ‘ w 4 ^ 

in which S = Maximum shear; 

fa = Allowable shearing stress per square inch of net area of 
web; 

t == Thickness of web; and 
h = Depth of web- 

The net area is assumed as ^ the gross area. 

Crippling of Web, and Use of Stiffeners. The value of fa to be 
■used depends on the clear distance between the adjacent edges of the 
top and bottom* flange angles, and upon -whether or not stiffener angles 
are to be used. 

The distribution of the shear over the vreb causes compression 
forces acting at angles of 45 degrees with the axis of the girder, in the 
manner indicated by Eig. 245- The w’eb, therefore, under these com¬ 
pression stresses, is subject to failure laterally, just as a long column. 
The allo\va}>le .shearing stress must therefore be reduced by a formula 
similar to the column formula, which may be-taken as 


A 


12,000 


1 -b 


d 


3.000 


in wlaich d g == distance between flanges; and t *= thickness of web. 

Either the -web must be made tbick enough not to exceed -this 
allowable stress on a length 1,414 d c, which is the length on a 45-degree 
line between the adjacent edges of flange angles, or this unsupported 
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lengtK must be reduced by rising stiffeners so spaced as to cut this 45- 
degree length down to limits which will conform to the allowable shear¬ 
ing stress given by the 
formula and to the thick¬ 
ness of web which it is 
desired to use. 

^Vebs less than 
inch thick are rarely 
used. Eor greater thick¬ 
nesses, it is a matter of 
economy generally to use 
stiffeners. Eor very 
heavy loads, however, or 
for long spans, -§■-inch or 
-^'-inch webs would be 
used, with or without 
stiffeners, as might be 
required. 

Fig- 245. It will be seen from 

the above consideration, that, where the shear varies from the end 
towards the center, the required spacing of stiffeners will increase to¬ 
wards the center, since the area of the web is constant- 

When the shear has reduced to the point where the area of web 
is sufficient to resist buckling on a length of 1.414 d. c, then the stiffeners 
may be omitted. A convenient diagram for determining spacing of 
stiffeners is shown in Eig. 24G; the use of this diagram will be illus¬ 
trated by a problem. 

Suppose the shear at the end of a girder is 100,000 pounds; and 
the clear distance between flange angles is 22 inches, and the web which 
it is <iesired to use is 30 inches by inch- The gross area of web is 
then 11.25 square inches, and the shear per square inch of gross area is 
8,900 pounds. Eollowing up the vertical side of the diagram, until the 
line corresponding to 8,900 is found, then following this line until it 
meets the line of a -§^-inch web, and then looking under this inter¬ 
section to the lower horizontal line, it is found that stiffeners must be 
spaced about 12 inches apart in order to conform to the above con- 
ditions- 

If it was desired to find what thickness of web was necessary in 




QdAA JO i/Ji// 3JD/mS' ^9Cl 4b^l/S‘ 



Fig, 246. 
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order not to require stiffeners, the flange angles being 22 inches apart 
in the clear, this would be determined as follows: 

Follow up the vertical line corresponding to 22 inches as given at 
the bottom of the diagram, until this line meets the line corresponding 
to such a thickness of web that the gross area is sufficient to bring the 
shearing stress within the limit by the horizontal line at this intersection 
of web-line and vertical through 22. 

In this case the nearest intersection is found to be the -J-inch web. 
The area of a 30-ineh by -J-inch web is 15 square inches, and this gives 
a shearing stress per square inch of 6,675 pounds. The allowable 
stress as given by the diagram is 7,400 pounds; but the -j-^-inch web 
found to give a shearing stress of 7,640 pounds, whereas the allowable 
shear for a yV^nch w^eb with angles 22 inches apart is only 6,600 
pounds. 

It would be found more economical to use a -|-inch web with 
stiffeners, than a 4-inch w’^eb without stiffeners. 

Another use of stiffeners is to stiffen the web at concentrated 
loads. The most important case under this head is the reaction at the 
bearings of the girder. Stiffeners are al'ways used here, and they are 
generally placed so that the outstanding legs will come nearly over 
the edge of the bearing plate, as illustrated by Fig. 247. Sometimes 
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the special nature of the bearing—as, for instance, the disposition of 
column members—makes it desirable to place these stiffeners close 
together, or in three lines instead of tw^o. The fundamental idea is 
to place the stiffeners so as to distribute the reaction in the most direct 
way to the bearing. If this bearing is masonry, the stiffeners will be 
placed so as to give uniform bearing; if a column, they will be placed 
so as to correspond as closely as possible with the line members of 
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the column. "WTierever heavy concentrated loads from beams, other 
girders, masonry piers, etc., occur, stiffeners should be used to stiffen 
the web against this concentrated application of load. Stiffeners over 
bearings should be fitted to both the top and bottom flange angles. 
Stiffeners at loads on the top flange need be fitted only to the top flange 
angles. 

Stiffeners used simply to prevent buckling from the shear, need 
not be fitted to eitlier flange. Sometimes stiffeners used for this latter 
purpose are not carried over the flange angles, but stop clear so as to 
avoid the necessity of fillers, as indicated by Fig. 247. It is better 
practice, and more generally followed, to carry these angles over the 
flange angles, as shown by Fig. 24S. 

PROBLEMS 

1. Determine by the method previously described the bottom 
flange section of a girder 28 inches deep between centers of gravity of 
flanges, and having a bending moment of 3,500,000 inch-pounds. 
The flange is to be proportioned to carry the whole bending moment. 
Use fiber stresses given for building. 

2. In the above problem, if the top flange is unsupported later¬ 
ally for 20 feet, determine the section of top flange required, using the 
formula given for reducing allowable compression stress. 

3. Given a girder 35 feet long between centers of bearings, and 
carrying a uniformly distributed load of 2,000 pounds per linear foot. 
Assume a web 36 inches deep and 34 inches between centers of gravity 
of flanges. Determine bottom flange section without making any 
allowance for the portion of bending moment carried by the web. 

4. In the above girder, redesign bottom section on the basis that 
the web is not spliced and that it bears a portion of the bending mo¬ 
ment. 

5. Determine the thickness of web required in above girder, 

0. If the girder was 40 feet long, 42 inches deep, and loaded with 

4,000 pounds per linear foot, determine the thickness of web if no 
stifTeners are to be used- Assume flange angles are C inches by 6 
inches by I inch. 

7. Determine thickness of web in above girder which could be 
used with stiffeners, and determine spacing of stiffeners required. 

Solution. In this case the shear at end is 80,000 pounds. From 
the diagram for spacing of stiffeners, it will be seen that any thickness 
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of web from inch up could be used, Where stiffeners are used 
to prevent buckling of web, it is more economical to use a -j^-g-inch 
web than a '^inch. If the girder was 00 inches deep, probably it 
would not be well to use less than 2-inch wel), even with stiffeners. 
Ill this case assume a by 42-inch web. x\rea is therefore 13.12 
square inches, and fiber stress is 6,150 pounds. 

From the diagram it is seen that a ^-^-inch web with this stres.- 
per square inch recpires stiffeners about 16j inches back to back 
This then determines the space of first stiffener from those over the 
bearing plate. Assume two spaces the same as this, and then deter¬ 
mine shear at point say 3 feet 6 inches from the end bearing. This is 
found to be 80,000 — (4,000 X 3.5) = 66,000 pounds. The stress here 
is about 5,075 pounds per square inch of web. From the diagram, 
this Is seen to require stiffeners 20 inches apart. Assume two more 
spaces at 20 inches, and calculate shear, which is found to be 52,600 
pounds. This gives a fiber stress of 4,050 pounds per square inch of 
web, and requires stiffeners 24 inches apart. Take tliree spaces at 
this distance, and calculate shear, which is found at this point to be 
28,600. This gives a stress of 2,200 pounds per square inch of web. 
From the diagram the spacing of stiffeners for this fiber stress, in a 
x^c-inch web, is found to be 36 inches. This distance, however, is 
greater than the clear distance betr^^een flange angles, which is 30 
inches, and indicates, therefore, that at this point the web is strong 
enough without being stiffened by angles. 

If it is desired to see whether or not two spaces at 24 inches, in¬ 
stead of three as above taken, would have been sufficient, the shear at 
this point can be calculated. This is found to be 36,600 pounds, or 
2,800 pounds per square inch of web. This is seen to require stiffeners 
31 inches apart. This is greater than the distance between flange 
angles, and indicates that the last stiffener could be omitted. How¬ 
ever, it is better to carry the stiffeners a little beyond the actual point 
where the diagram would indicate that they could be dropped; so that 
it would be better to use the last stiffener, as originally determined. 
The spacing of stiffeners at each end of girder is of course made the 
same where the load is uniformly distributed. 

Size of Stiffeners. Stiffeners for concentrated loads and for reac¬ 
tions should have sufficient area to take the whole load or reaction 
at this point. Stiffeners used to prevent buckling are not generally 
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calculated, but are made either 3 x 3 x inch or 4 x 3 x inch. When 
stiffeners are fitted to the flanges, the outstanding leg should be made 
large enough to come nearly out to the edge of the flange angle. If 
the flange angle is 6 by 6, the stiffener would be perhaps 5 by 

Cutting Off Flange Plate. In heavy girders the flanges are made 
of angles with cover-plate. Sometimes only one plate is required; 
at other times four or more will be needed. As the maximum moment 
is the moment determining the flange section, and this usually varies 
from point to point, it will be seen that for economy the number of 
plates should be proportioned to the varying moment. ^Miere the 
girder is loaded uniformly, the bending moment is a maximum at the 
center of the span, and varies toward the ends as the offsets to a par¬ 
abola. A convenient way, therefore, to determine for such a case 
where to stop the different plates, is to lay off to scale the span, and 
on this axis construct a parabola, making the ordinate at the center 


represent the required area, from the formula « A. A convenient 

method of constructing the parabola will be to lay off the offsets, which 
are determined at different points by the formula 


y = A j^l as illustrated by Fig. 249. 

From this diagram, the point at which an area equal to one of the 
plates can be dropped off, will be found by drawing a horizontal line 
at a distance down equal to the area 
of the plate at the same scale as 
the center ordinate, Wliere this 
line cuts the line of the parabola, 
will be the exact length of plate re¬ 
quired. Sufficient length should be 
added at each end to enable rivets 
enough to be used to develop in single shear the stress in the plate. 
Usually this will be about 1 foot 6 inches at each end. 

Another method of determining where to drop off plates when the 
load is uniformly distributed, is to use the formula 
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in TV'liich a* = Distance from center to point ^vllere area* of plate is 
not required; 

« Area of plate to be cut off; 

A == Total required flange area at center, 

= ^; and 
L = Span. 

When the loads are concentrated, and the moment does not vary 
uniformly from point to point, the only way is to calculate the moment 
at different points, and proportion the flange and at these points in t^^^ 
same manner as at the center. 


PROBLEMS 


1. Given a girder 50 feet long, having a flange section of two 
angles 6x4x1, arid 2 cover-plates 10 x inch. Construct a parabola 
on this length as an axis, and determine the distances between the 
points where from diagram each cover-plate could be left off. 

2. In above girder, determine actual length of cover-plates re¬ 
quired by using the formula for cutting off plates. 

3. Given a girder 40 feet long between centers of bearing, loaded 
with 120,000 pounds concentrated ^it four points equally distant. 
Determine the bottom flange section, and length of cover-plates. 

Solution. Max hi. = 30,000 X 8 X 3 X 12 8,640,000 inch- 

pounds. Assume web 36 inches deep, and effective depth as 34 inches; 
ihen flange stress = 254,000 pounds. This, at 15,000 pounds' fiber 


stress, requires 


254,000 

15,000 


16.95 square inches. 


In this, as in all calculations of girders, a great many sections 


could be chosen. In all problems the student must use his own judg¬ 
ment as to just what shapes to use in order to make up the section. 


Take 


2 angles 6 x 6 x § = 7.2S (two holes out) 

2 plates 14 x f = 9.75 (two holes out) 

17.03 


Note that in deducting area of rivet-holes from bottom flange, 
the hole is considered 1 inch in diameter, even though -^-inch rivets 
ire used. If smaller rivets were used, this might reduce the assumed 
iiameter of hole to f inch. 
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From the manner in which tliis girder is loaded, it will be seen 
that the points at which the plate can be left off will be near the con¬ 
centrated loads. Omitting both plates will leave a net area of 7.28 
square inches; this corresponds to a flange stress of 7.2S X 15,000 « 
100,200 pounds; and to a bending moment, assuming the same effect¬ 
ive depth as at the center, of 109,200 X 34 == 3,712,800 inch-pounds. 
The I'eaction is 60,000 pounds; and it is therefore seen that the point 
corresponding to this moment is betTveen the reaction and the first 

load. Its position is found as = 61-S8 inches = 5 feet 11- 


inches. 

If this first plate is carried 1 foot 0 inches beyond this point, then 
its total length becomes 32 feet 71 inches. 

At the point where the second plate is dropped, the net area is 
12.10 square inches. This corresponds to a flange stress of 12.10 X 
35,000 « 181,500 pounds; and to abending moment of 181,500 X 34 
== 6,160,000 inch-pounds. 

The bending moment at the loail nearest the reaction is 60,000 X 
8 X 12 = 5,760,000 inch-pounds. 

The moment between this load and the next load increases by an 
amount equal to 60,000 — 30,000, multiplied by the distance from the 
load. That is, at a point x distance from the last load, the moment 
will have increased (00,000—30,000) X x X 12 inch-pounds. 

The l^ending moment which the angles and one cover-plate can 
carry was found to be 6,160,000 inch-pounds. The moment at first 

load is 


5,760,000 
400.000 “ 


allowable increase to point where 


second cover is required. 

The distance from this first load to the point where it will be 
necessary to add the second cover-plate, is found, therefore, to be 


400,00 0 
30,000 X 32 


1.12 feet. 


As this is so near the point at which the load is applied, it would be 
better to add a little-more than 1 foot G inches to this distance, in order 
to caiTy the plate a little beyond where the concentrated load occurs. 
Ihis would make it necessary to increase slightly the length of the first 
cover from what was previously determined. These plates might be 
fixe<l, therefore, as 26 feet long and 34 feet long, respectively. 


H 
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Spacing of Flange Rivets. The purpose of the rivets through the 
flange is to provide for the horizontal shear. There is a definite rela¬ 
tion between the horizontal shear and the vertical shear at a given 

point, which is expressed by the formula s = ^ in which 

5 = Horizontal shear per linear inch; 

S = Total vertical shear at section; 

Q = Statical moment of the flange about the neutral axis of the 
girder; and 

I = the moment of inertia of the whole section of the girder about 
its neutral axis. 

Having determined the horizontal shear per linear inch, the spacing 
becomes the value of one rivet divided bv this horizontal unit shear, or 


For the vertical rivets thi’ough flange angles and cover-plates, the 
same formula applies, except that Q is taken as the statical moment 
of the cover-plates only about the neutral axis. 

The above exact method is not the one generally followed in 
spacing rivets, because it is not generally necessary to space the rivets 
so nearly to the exact theoretical distance. It is • quite a common 
custom to space these horizontal flange rivets by assuming that the 
horizontal shear is equal to the vertical shear at the section divided 
by the distance between the centers of gravity of the flanges. This 
gives spaces somewhat less than would be required by the formula 
above. 

The vertical rivets through cover-plates are made to alternate 
with the horizontal rivets; and in general, if there are sufficient hori¬ 
zontal rivets, this method will give suflflcient vertical rivets. In doubt¬ 
ful cases, the exact method should be used. 

It is customary’’ to vary the spacing of the rivets about every two 
or three feet, or, in long girders, at intervals somewhat greater. This 
involves, of course, the determination of the shear at each point where 
a change in pitch is made. 

The minimum distance in a straight line between rivets, is three 
times the diameter of the rivet; if f-inch rivets are used, the minimum 
distance, therefore, is 2} inches. This is shown by Fig. 250. This 
fact many times determines the size of flange angles to be used. In 



STEEL CONSTRUCTION 


2G5 


some cases the horizontal shear determining‘the pitch of rivets is so 
great that the distance between rivets becomes less than three times 
the diameter of the rivet. The flange stress might make it possible 
to nse perhaps an angle with a 4-inch leg; in order to get in rivets 




3d. 



Eig 250. Fig. 251. 

enough to .take the shear, however, it becomes necessary to use an 
angle having a 6~inch leg so as to use two lines of rivets. In such a 
case the horizontal distance between center lines of rivets may be IJ 
inches, and still the direct distance between the rivets will not be under 
inches. Fig. 251 illustrates this. 

PROBLEMS 

1. Determine the pitch at end of girder having a reaction of 
60,000 pounds, with web-plate 30 inches deep and inch thick. 

Assume effective depth between center of gravity of flanges, 2S 

, . , . , , 1- 60,000 
inches; then approximate horizontal shear per linear inch = —= 

2,142. 

The bearing value of a J-inch rivet on -^-inch plate is 5,060; there¬ 
fore pitch == == 2.35 or 2y% inches. 

2. Criven the same web as above, with an end reaction of 95,000 
pounds, determine pitch at end. 

Here = 3,400 = Horizontal shear per linear inch; and 

6,060 . . . 
o 77 ^ 7 : = 1.49 or inches. 

3,400 

This makes it necessary to use an angle deep enough to give two 
lines of rivets either a 5-inch or a 6-inch leg. If the pitch between 
rivet lines is 2| inches, and horizontally between rivets 1 1 inches, then 
the actual distance between rivets is about 2 J J inches, which is more 
than throe times the diameter of the rivet. Wliere the top flange 
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of a girder is loaded directlv, as by a hea'sy wall, it becomes necessary 
to calculate the rivets for direct shear as well as horizontal shear. The 
combined stress on the rivet must not exceed its value, and therefore a 
spacing somewhat less than that determined for horizontal shear above 
must be used. This can best be illustrated by a problem. 

3. Given a girder having a web-plate 36 inches by | inch, wdth 
an end reaction of 75,000 pounds, and loaded directly on top flange 

with 3,000 pounds per foot of girder, “ 2,206 = horizontal 


shear per inch. Assume a pitch of 2^ inches; then 
2,206 X 2.25 = 4,903 = Horizontal stress on rivet; 

== 250 = Direct vertical shearing force per inch, and 

250 X 2.25 == 5(30 = Direct vertical load on rivet. 

These forces act on the rivet as indicated by Fig. 252. The 
resultant, therefore, is the square root of the sum of the squares of 

these tw^o forces, and equals 4,994. As 



the value of the rivet is 5,060, this is 
about the neai'est even pitch which 
could be used for these combined 
stresses. 


The maximum straight distance between rivets which can be used 
is 6 inches, or sixteen times the tlnckness of the thinnest metal riveted. 
For a flange having ^®jy-inch angles, therefore, 5 inches would be the 
maximum pitch; or, if a {-inch cover-plate were used, 4 inches would 
be the maximum in rivets through these cover-plates. 

Vertical spacing of rivets in stiffeners does not generally require 
calculation. For end stiffeners there should be at least sufficient to 
take up all the end shear. In other stiffeners the pitch is generally 
made or 3 inches. 


Flange Splices, in long girders it becomes necessary sometimes 
to splice the flange angle and cover-plates. Sometimes, for purposes 
of shipment or erection, the girder has to be made in two or more 
parts and spliced. 

In splicing the angles, the full capacity of the angles should be 
provided in the splice, regardless of whether the splice is at a point 
of maximum flange stress or not; it preferably should not be so located. 
Angles are used on either side of the flange angles, with the corner 
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rounded to fit accurately the fillet of the fiange angle, and having the 
same gross or net area as these angles. 

Fig. 253 shows the splice of the top flange of a plate girder. Note 
that the angles are spliced by cover-angles and also by cover-plates. 
In flange splices, provision should be made as far as possible to splice 
each leg of the angles directly and with sufficient rivets to provide 



Pig. 253. 


for the proportional part of the stress carried by this leg. * If cover- 
plates form part of the section of the flange, these should, if possible, 
be spliced at a point where one of the cover-plates is not required for 
sectional area, and then this cover-plate should be carried far enough 
beyond the splice to provide rivets sufficient for the stress in the plate. 
If the plates are of different areas, an additional, short cover-plate 
over the splice would be required, to make up the required area. 

When the shop work has to be very exact and reliable, a planed, 
joint is sometimes used to take a portion of the stress by direct com¬ 
pression between the abutting ends. In such cases the cover angUso 
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should be used, but may be of slightly less area. It is preferable, 
when possible, however, to have the flange fully spliced wMiout relying 
on the planed joint. The number of rivets should be sufficient to 
provide for the full capacity of the flange angles without exceeding the 
value of a rivet. If one portion of the splice is hand-riveted, the values 
must be determined accordingly. Rivets are in double shear or bear¬ 
ing on the angles. 

Web Splices. If the girder has been designed without considering 
that the web cariies part of the flange stress, then the web splice need 
have only sufficient rivets to provide for the shear. If the web were 
considered as helping to earrj' the stress due to bending moment, then 
the splice would have to have sufiicient rivets to resist this portion of 



Fig. 254. 


the bending moment carried by the web. In such a case, if two lines 
of rivets each side of the splice are used, and these rivets are spaced 
2J or 3 inches center to center, they will be suflficient to provide for tlie 
shear and the bending moment also. In general it is better to use 
such a splice as illustrated in Fig. 254, whether the intention is to pro¬ 
vide for bending moment or not. 
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The splice plates should have a net area equal to or a little greater 
than the net area of the web. If possible, the splice should be located 
at a point where the flanges are not fully stressed, so that they can help 
to splice the web. 

PROBLEMS 

1, As an illustration of the use of the exact formula for pitch 
of rivets, the following problem will be worked out: 

Take the girder given in the problem illustrating the cutting-off 
of flange plate. This girder 40 feet long has a web-plate 36 inches by 
f inch; and section of flange at end consists of two angles 6 x 6 x f inch. 
At point 10 feet from end section, are two angles 6 x 6 x | inch, and 
2 plates 14 X f inch. 

Determine first the pitch of rivets at end where the shear is 60,000 
pounds. The formula is: 



The first step is to determine position of center of gravity of flange. 
As there are no cover-plates, this is taken directly from “Cambria” 
and is 1.64 inches. 

The web is 36 inches; but in all girders where flange plates are 
used, the depth back to back of angles is J or inch more than the 
depth of web, in oixler to allow for any variation in the depth of plate. 
In this case it will be taken as 361- inches back to"back of angle. 

Q = 2 X 4.3G X 16.49 - 143.8 
I = 4 X 15.39 - Gl.G 

4 X 4.3G X IC. 40 '' - 4,740. 

X I X 36^ = 1 ,458 . 

G,259.6 

_ 60,000 X 143.8 
” " 6,250.6 - 1,4/5 

Pitch = inches. 

Something less than this would be actually taken—^probably 2| 
or 3 inches. 


881 
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To detennine the pitch at point 10 feet from end, v%e have to 
calculate the neutral a?;is of the flange as follows: 

Angles 2 X 4.30 X 2.39 = 20.9 
10.5 X .38 = TO 
24.9 

24.9 — 19.22 = 1..3 inches from ])ack of cover-plate to neutral 
avis. 

Q = 19.22 X 17..5S = 338 

1=4 X 15..39 = Cl.G 

2 X 19.22 X 11,870. 

tVX 0- X 30' - 1,4.58 

13,3X9.0 
30,000 X 338 _ 

" “ 13,390 ' ~ 

Pitch of rivets = = G.6S inches. 

40l 

The maximum pitch is as stated G inches. At this point the actual 
pitch would be maile somewhat less—say, 51 inches. 

As a comparison with the foregoing results, it will be well to note 
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Fig. 355. 


the pitch as determined by the approximate method, using the distance 
between centers of gravity of flanges. At the ends, we have 




Pitch = ^ = 2.78 inches. 

It will be seen that this approximate method gives some closer 
pitch than the more exact formula. 

2. Given a girder 30 inches by inch, 30i inches back to back of 





Frost & Granger, ArcMteets; E. C. & R. M. Sliankland, Engineers. 

The 52,500-lb. Girder Shown on Fage 262, being Grouted with Concrete. This Is Done on Girders Put in the Ground to Protect Same 
from Corrosion. The Outsides of the Girders are also Encased in Concrete for the Same Purpose. 
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flange angles. The flange section is made up of two angles 4 x 4 x f 
inch. The end shear is 42,000 pounds. Determine the pitch of rivets 
by the approximate method. 

3. Given a girder 42 feet long, loaded with a uniformly distrib¬ 
uted load of 7,000 pounds per linear foot. If the web is 42 inches by 
inch, and the flange section at the end is made up of two angles 
0x6x1' inch, and 1 plate 14 x -1 inch, and distance back to back of 
angles is 42-^- inches, (a) determine the pitch of horizontal rivets 
through web; (h) determine the pitch of vertical rivets through flange 
plates. Give two solutions of (a) and (&), using the exact formula and 
the approximate method based on distance between centers of gravity 
of flanges. 

Ansivers —(a) 1§ inches by the approximate method. 
l-|-§ inches by the exact method. 

(6) inches by the approximate method. 

0|r inches by the exact method. 

Note that where pitch of vertical rivets through cover-plates is 
determined by the approximate method, they are simply assumed as 
alternating with the horizontal rivets. If there is only one line of 
horizontal rivets through flange angle and web, and one line of vertical 
rivets, then, by the vapproximate method, the vertical rivets through 
covcr-plates would come centrally in the space between the horizontal 
rivets. If there are two lines of horizontal rivets, and one line of 
vertical, the vertical rivets would still alternate with the inner line of 
horizontal rivets, or center over the outer line of hoiizontal rivets. 
This would hold good so long as the spacing in this way did not exceed 
6 inches, or sixteen times the thickness of plate. If this were the case, 
then the vertical rivets would be made to center over each line of hori¬ 
zontal rivets. The same practice as regards vertical rivets would be 
followed in ease both horizontal and vertical legs had two lines of 
rivets. The formula for exact determination of rivet pitch shows that 
the above approximate methods arc within the limits which would be 
determined if the exact method was used. 

Shop Details of Girders. Fig. 250 is a shop detail of a simple 
plate girder of one web. It will be noted that the detail covers only 
one-half the girder. Where the girder is exactly symmetrical about 
the center line, it would be a waste of time to draw up both lialves. 
In such cases it is sufficient to mark the center line and mark the draw- 
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ing so that it will be clear that the other half is the same. In some 
cases where there is only a slight difference, as at the ends between 
the two halves, it is still unnecessaiw to detail more than half the girder; 
in such cases a special detail of the end which is different should be 
added. 

This girder rests on a brick wall at each end; and therefore the 
end stiffeners are placed over the outer edge of bearing plate, as shown. 
A wall rests on top of the girder, and the intermediate stiffeners are to 
support the flange when the main pier lines come down, and to stiffen 
the web for the concentrated beam loads. 

A girder such as this would probably come into the drafting room 
for details ’v\dth only such information as is given in Fig. 257. 

In many cases, even the loading on the girder might not be given. 
In such case, it would have to be calculated from the general plans 



showing amount and distribution of floor and wall loads. If the loads 
had been uniformly distributed, details might liave been made by 
determining the capacity of the girder, as noted below^ 

The first point to be determined is the size of the bearing plate. 
The reaction is 65,000 pounds; and, allowing a safe bearing on the 
stone template of 25 tons per square foot, this requires about 1.30 
square feet. A plate 12 by 16 inches, therefore, will be sufficient. 
Applying the formula given on page 97 of Part II, the required thick¬ 
ness is found to be .26 inch; a steel plate | inch thick is used here, 
although i-inch plate might have been used. 

The size of the bed-plate having been fixed, the spacing of all 
the stiffeners is the next thing to determine. The end ones are fixed 
at 12 inches back to back. As the piers come down on top of the 
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girder, it will be sufncient to use one stiffener in the center of each 
pier; if the pier was very heavy or over 3 feet, it would be well to use 
two under each pier. The measurements given in the diagram (Fig. 
257), therefore, fix the other stiffeners. It is then necessary to look 
into the shear on the web to see if stiffeners are required on this ac¬ 
count. Referring to the diagram (Fig. 246), it is found that for a |- 
inch \veb and 18 inches between edges of flange angles, the allowable 
shear per square inch of web is 6,800 pounds. The actual shear is 

70,000 « 1 1 • 1 • 1 • , * r. * 1 

..' ~ = o,/50 pounds, which is thereiore entirely safe without stiri- 

40 X “s 

eners, as the shear just one side of the end is 11,000 pounds less. 

Looking now at the horizontal rivet spacing, we find, at the end, 

s = = 2,320 = approximate horizontal shear per inch. 

Some engineers use the distance between pitch lines of flange 
rivets, or, in case of double pitch lines, the mean between the two, 
instead of using distance between centers of gravity for determining 
the approximate shear. In this case the result w’^ould be: 

65,000 

s = 2,630 pounds. 

The bearing value is the least for these rivets, and may be taken 
at 5,060; the end pitch, therefore, is inches. 


It is always better to space a little under the calculated pitch; 
for this reason 1} inches was used. 

The loads being concentrated, the shear is practically constant 
from the end to the first stiffener; and the only other point to consider 
is to space from each stiffener so as to conform to the standard gauge 
in the stiffener angle, and to keep this where previously fixed, leaving 
room from the back of angle to drive first rivet. The distance back 
to back being 5 feet 2J inches, and the standard gauge in one case 
2 inches and in the other 1J inches, the distance center to center of pitch 
lines in stiffener is 5 feet 6 [ inches. It is well to leave not less than 1 
inch, and better 11 inches, from the back of a stiffener to first rivet so 
that it can be easily driven; leaving inches ■will just allow for 40 
spaces at 1J inches. 
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The shear just to the right of the first stiffener from the end, is 


25,000 


25,000 pounds; therefore,.? = ^ 1,010 pounds. 


30,000 


The direct shearing force from the pier load is — — = 1,2, 


250 


pounds per inch. 

If we assume a pitch of 3 inches, this brings 3,750 pounds on each 
rivet, and the diagram of stress would be as illustrated in Fig. 252, the 
resultant stress being about 4,S50 pounds. A pitch of 3 inches could 
therefore have been used and need not have been continued much 
beyond the pier lines. In order to keep the pitch constant, however, 
and be somewhat under the required pitch, 2^ inches was used. Simi¬ 
larly, the pitch in center way is made 3 inches, although somewhat 
larger pitch might have been used. 

The actual required pitch through flange plates would be found 
much less than shown, since there are four lines of rivets instead cf 
two as is commonly the case in girders of this length. In order to 
simplify the shop work, how^ever, they are detailed -the same spacing. 
It is well to note that in such cases the rivet through flange plate on 
the gauge line nearest to the vertical leg of flange angle, comes opposite 
the vertical rivet in flange line farthest from the horizontal leg. This 
is to give all possible room for riveting, and also because it distributes 
the rivets more uniformly. 

The bottom flange spacing is made the same as top, and differs 
only in having the rivets through bearing plates countersunk, with 
open holes for anchor bolts. 

The bill of material should be clear after explanation given in 
Pali: III for bills of columns. 

Fig. 258 shows the detail of a two-w^eb girder. This girder car¬ 
ries a wall on a street front, and is one of a continuous line of several 
girders. The right-hand end is at the corner of the building; and the 
open holes shown are for connection of a girder on the‘other street 
front. The girder rested on steel columns, and the arrangement of 
the line members of the columns determined the spacing and arrange- 
.iQent of the end stiffeners on the girder. 

The column section coming under right-hand end is shown by 
Fig. 259. The stiffeners at the extreme left end are simply for con¬ 
nection to similar stiffeners on the end of the girder coming against 
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this one. The intermediate stiffeners are for support of flange under 
centers of brick piers. 

The bottom plates were made 1 inch larger than the top plates for 
the purpose of securing the ornamental fascia. 

In the calculation of the rivets of a tw’^o-web girder, the shear is 
assumed to be divided equally on the two webs; 
and therefore each line is calculated as before 
described, except that the shear used is one-half 
the total. It should be noted, also, in such 
cases, that the rivets are in single shear. 

One plate must, of course, be made the 
full length of the girder. The length of the 
other plate is determined as previously de¬ 
scribed, and a length added at each end suffi¬ 
cient to get rivets equal to one-third the capacity 
of the plate. In this case, the net area of the plate being about 8.2 
inches, the capacity is 123,000 pounds; and the required number of 
rivets in single shear is 10, or 5 in each line. 

It should be noted that in two-web girders it is possible to have 
flange angles only on the outside of the web, as the only way inside 
angles could be riveted would be-by working a man from the end in 
between the webs. This is ordinarily impossible on account of the 
small space between, and would always be too expensive to justify 
such designs. 

Fig. 200 gives the detail of a three-web girder. This girder is in 
the street front of a modern steel-framed office building, and spans 
the large store fronts which are made possible by stopping one of the 
main lines of columns on top of this girder. The girder rests on col¬ 
umns at each end, as shown by^Fig. 201, and is symmetrical with 
respect to the center line. It will be noted from Fig. 261 that the 
column carrying the end of this girder is practically made up of two 
columns riveted together through their flanges. This construction 
permits the heavy girder to get a bearing directly over the column 
shaft, and continues in a direct line the axis of the column section 
above and the portion of this column carrying these upper sections. 
This girder also carries the floor beams, which frame into the bottom 
flange as illustrated in Fig. 262. 

There are some points of a practical nature which should be 






Fig. 261 . 
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noted on this detail. In a heavy girder of three webs, there are prac¬ 
tical difficulties to be met with in riveting. These must be considered 
and provided for in making the details. 

The steps in assembling this girder would be: 

(1) Rivet up the central portion, consisting of web and four 
angles. 

(2) Rivet the top and bottom flange plates to this central por¬ 
tion of the girder. 

(3) Rivet up each side portion, consisting of web-plate and two 
angles. 

(4) Rivet each side section to the flange plates, which have pre¬ 
viously been riveted to the central portion. 

It will be noted that the position of stiffeners is somewhat different 



Fig;. 2G2. 

from what lias previously been described. 'The stifleiiers A and B at 
the end are placed so as to come down directly over the line members 
of the column below'-. The stiffeners C and D are placed so as to 
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come over the shear plate on the column. B and D are also so placed 
that they can be riveted together and thus form a plate stiffener be¬ 
tween the three webs. To rivet up B and D, it is necessary to rivet 
them together first; then rivet D to the side webs and angles C before 
these side webs are assembled with the central web. After the side 
webs are assembled, B can be riveted to the central w’eb. 

The stiffeners at the center of the girder are arranged to come 
under the line members of the column resting on the top flange of 
ginler, and also to serve as plate stiffeners for the webs. 

The method of procedure for riveting up these stiffeners is some¬ 
what different from that used in ease of the end ones. In this case, B 
and H would be riveted together, and then B riveted to the central 
web before the side webs are assembled. 

In order to rivet H and G to the side webs, it is necessary to pro¬ 
vide a hand hole in each side web as shown, so that these rivets can 
be held on the back side while being driven up after the side webs are 
assembled. 

In three-web girders the distribution of the shear over tlie tliree 
webs depends to a considerable degree on the way in which the loads 
are applied- It is generally considered that the center web takes the 
larger proportion, sometimes as much as f, and the side webs take 
the remainder equally. These webs should always be stiffened so as 
to distribute all loads as much as possible over all three wel)s. 

The designer, in choosing his sections, will necessarily make an 
assumption as regards this distribution; and this should be indicated 
on the diagram. Practically the pitch in all thi'ee webs and flange 
angles would be made the same, this being determined so as to provide 
for the maximum shear according to the* assumption as regards dis¬ 
tribution. The actual number of rivets may vary in the different por¬ 
tions, because of angles being used which may allow of only one line 
of rivets, as in the case shov/n in Fig. 260. 

The detail of connection of floor beams to girder is made special 
because of the awkward relation of beams to girder flanges, which 
"elation could not be changed; only a single angle could be used for 
die connection if this was to be riveted on, and this had to be shipped 
riveted to girder rather than beam. It would have been possible to 
have a double-angle connection by using an intermediate plate and 
two side plates; but this would have added to the expense of erection, 
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and sufficient rivets for the reaction were obtained by the single angle. 

It will be noted that some rivets near these connections are shown 
flattened in the bottom flange to clear the flange of beams; also, in the 
elevation, some rivets are shown countersunk to clear the angle con¬ 
nection. Rivets are also shown countersunk where the cover-plates 
are left off, because there is not room to extend the plate beyond the 
last rivet without interfering with the next rivet. All such cases of 
countersinking or flattening rivets to avoid stiffeners or ends of flange 
plates, are to be avoided wherever possible, as they are objectionable 
and expensive. They can generally be avoided by changing the rivet 
spacing somewhat at such points. In the case shown in Fig. 260, the 
girder is such a heavy one, and the rivet spacing so close, that it was 
better to countersink rather than have the wide spacing otherwise 
necessary. 

The end view shows open holes for riveting angles to the main 
column angles as shown in Fig. 261. This practice is objectionable 
for light girders, as previously noted in Part II, and where it is possible 
to properly brace the girder and column connection in any other way. 
In the case ’of a heavy girder such as this, where the deflection would 
be slight, it is not so objectionable, especially if these rivets are not 
driven until after the columns are carried up and the dead weight of 
construction is put upon the girder. 

The bill of mateiial should be carefully followed through as 
illustrating points previously mentioned. 

Fig. 263 shows a single web-plate girder which carries the wall 
section over an entrance doorway, and also a column line on its canti¬ 
lever end. 

The center lines of the supporting column and of the column 
above, are shown on the plan of bottom flange. Fig. 264 shows the 
girder in its relation to the stonework, and the method of securing 
same to the girder. 

The stiffeners G are arranged to come directly over the line mem¬ 
bers, and the shear angles on column below. The stiffeners A, E, 
and F are similarly arranged with respect to the column above carried 
on the end of the girder. It will be noted that this girder is not sym¬ 
metrical about its center line, and therefore the detail of the whole 
girder is shown. It should be noted also that the concentration of 
loading at one end makes it necessary to increase the web greatly to 
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provide for the shear. For this reason a Vinch plate is riveted on 
each side over the flange angles and carried to a point beyond the cen¬ 



ter of column bearing where the area of the web alone is sufficient 
for the shear. This end being the point of maximum moment, also, is 
the reason for the incteased flange area here. 

Floor beams frame to this girder in the same relation as in the 
case of the three-web girder shown in Fig. 260; but as this is only a 
single web, the connection angles can be riveted to the beam. As 
the beam must be cut to clear the bottom flange angle, this necessi¬ 
tates a filler between the web and the connection angles on beam. 

Note that where brackets or similar riveted members occua* on a 
girder, it is better to give a separate section for the details of riveting 
of these members. The end view, and sections A, B, C, and D, show 
the details for these brackets supporting the stonework, and show the 
various details necessary to conform to the position and spacing of 
stiffeners on the girder. 

In a girder loaded as this is, there should be sufficient area in 
each set of stiffeners coming under the column above and over the 
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supporting column, to provide for the shear; and these stiffeners 
should be fitted to top and bottom flanges. 

PROBLEMS 

]Make a complete shop detail, at a scale of -f inch to 1 foot, of a 

e-web plate girder 30 feet long clear span, resting on a brick wall 
at each end and carrying a load of GO tons distributed as shown in Fig. 
2o5. The we]j-plate is 30 inches by J inch; both flanges have the 
same section, and each is made up of two angles 5 x 3\ x inch (long 
leg horizontal), and two cover-plates 12 inches by inch. A 15-inch 
42-p(mnd beam frames to the girder on each side in the position indi- 
catetl Iw loads. The top of the ]>eams is 1-1- inches below the back 
of the flange angles. The beams are to rest on suitable shelf angles, 
with shear angles beneath, and have side connection angles riveted 
through web of girder to brace them laterally. Determine proper 
number of iivets and character of these connections. Determine 
number and spacing of stiffeners required. Use in addition stiffeners 
just one side of each beam connection. 

Standards in Detailing Trusses. Figs. 265, 266, and 267 show 
d.etails of various types of trusses. The same remarks made previous¬ 
ly for girders apply to trusses wherever they are symmetrical about the 
center line. 

Fig. 277 shows a strain sheet of the truss detailed in Fig. 266. 
This is the form in which the information is generally given to the 
draftsman for detailing. Al other times the information may be given 
only by the general drawings, in which case the loads and measure¬ 
ments would have to be obtained from them. 

It will be noted that the same general method of detailing and 
dimensioning is followed in all cases. The strain lines are laid out 
first; these lines should always intersect at the panel points; and the 
strain lines of the members over a point of support sliould intersec‘t 
over the center of bearing. The strain lines should be theoretically 
the center of gravity lines of the members; it is more common practic*e, 
however, to use the pitch lines of the angles as the strain lines, as these 
lines do not vary materially from the center of gravity lines, and much 
confusion is thus saved. In heavy trusses, however, where the chords 
are made up of side plates and angles, the strain lines for the chords 
should be the center of gravity lines, as the difference between these 
lines and the pitch line of the angle would be considerable. 
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Many times the position of one or more panel points will be fixed 
some features of construction such as a monitor or a hanger for 
shafting, or rod for balcony, etc., as illustrated by Figs. 267 and 280. 
TMierever such concentrated loads are fixed, there should be a panel 
point, if possible, as otherwise the chord must be materially increased 
to provide for the bending strains produced by the load acting between 
panel points. The panel points being fixed, and the strain lines drawn, 
the lines showing the size and shape of each member are drawn. 

Completeness of Measurements. In dimensioning a detail the 
draftsman should bear in mind all the steps he has to take to fully 
lay out and fix all the members and connections, and should remember 
that information must be given to enable the templet maker to go 
through the same operations. 

1. There should be measurements center to center of each panel 
point along each member. These are calculated, never scaled. 

2. There should be a line of measurements along each member 
from panel point to panel point, fixing each rivet or hole with respect 
to this panel point. 

3. There should be a measurement center to center of the end 
panel points along the top and bottom chords and the vertical or in¬ 
clined end members. 

4. There should be over-all measurements of the above mem¬ 
bers. 

5. There should be a measurement from the end of each piece to 
the first rivet or hole, and each piece should have its size and over¬ 
all length specified. 

6. Each sloping member should have its slope indicated by a 
triangle of which one side is 12 inches and the other side inches and 
sixteenths. 

7. Each piece should preferably be given a shop mark, to facili¬ 
tate assembling.' 

To fix the measurements noted under (2), it is often necessary to 
make a full-sized or large-scale layout drawn very accurately so as to 
be able to scale closely the distance from panel point to first rivet, 
and to be sure of plenty of clearance and yet have the members fit 
closely. 

After the first hole is fixed, the others are spaced 21 or 3 inches 
apart for the gusset connections. The number of rivets is of course 
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determined from the strain sheet and the value of the rivet; f-inch 
rivets are generally used, and gusset plates or -g-inch. Where 
strains are very heavy and it is desired to avoid larger gussets, thicker 
plates can be used. 

The measurements noted under (5) will be fixed by the above 
full-sized layout. It should be carefully borne in mind that such a 
layout is woi'se than useless unless it is very accurate, and therefore 
care should be taken to insure accuracy. 

Special Notes and Details. As regards the shop marks noted 
under (7), each shop has a different practice. A convenient form, 
however, is to call the top chord ^‘T. C. 1,’’ “T. C. 2/^ etc.; the bottom 
chord “L. C. ^‘L. C. 2/’ etc.; the verticals “V 1/’ 2/’ etc.; the 

diagonals “D 1,^^ “D 2/’ etc. 

The exact size and the cuts of the gusset plates are generally 
left to the templet maker; they can be given, however, if it is desirable 
to do so, by adding the necessary measurements, which should be 
obtained from the full-sized layout of the joint. 

Sometimes, in long trusses, it becomes necessary to draw the 
elevation of the truss as outlined above, and to supplement this by a 
larger-scale drawing of each joint, this larger drawing giving all the 
measurements of the connections as related to the panel point, and 
the smaller-scale elevation giving the general measurements. 

Where it is not essential for appearance or for compactness of 
details to cut the angles on a bevel parallel to the abutting members, 
as is shown by some of the drawings, a square cut can be used and will 
somewhat simplify the shopw^ork. 

Gussets should always be cut as closely as possible, both for 
neatness in appearance and for saving in weight. 

In detailing, always show gussets, where possible, of such shape 
that they can be cut from a rectangular plate, using one or more of 
the sides of the original plate, and shearing off only where necessary 
for compactness of detail. 

Compression members made of two angles should always be 
riveted together through a w^asher at intervals of two or three feet. In 
general, it is good practice to follow this'for all members' tension as 
well as compression, as it stiffens the truss against strains in shipment 
and against possible loading not considered in calculations, and the 
extra cost is inconsiderable. 
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Illustrations of Shop Details. Fig. 26S shows a parallel chord 
truss carrying a floor; roof, and monitor load. Figs. 269; 270, and 271 

show the connection of 
wood purlin under mon¬ 
itor girder to steel truss. 
The floor in this case 
rested directly on the top 
chord, which therefore 
Ijrought bending strains 
as well as direct com¬ 
pression; for this reason 
the channel section was 
necessary. Note that for 
determining number of 
rivets in each member, 
one-half the stress would 
be considered, and the rivets taken at their single-shear value. Tie 
plates are used at intervals to stiffen the lower flanges of the channels 
forming the top chord. 

Fig, 272 shows the strain sheet for another parallel-chord truss 
74 feet long, center to center of bearings. This truss candes a roof 




load assumed as 40 pounds live and 25 pounds dead per square foot, 
an<I also carries in the bottom chord a ceiling load of 15 pounds per 
square foot. 

The roof beams span from truss to wall, which is 2G feet. On 
account of the construction and the long span, the wood framing is not 
cdnsidered as bracing the truss, which is therefore unsupported later¬ 
ally except at the center where a steel strut is provided. 
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The manner of working out 
the stresses of such trusses by 
the analytical method, will be 
given below. 

In all statically determined 
structures, there are three equa¬ 
tions which must be true in order 
that the structure shall remain in 
equilibrium: 

1. The algebraic sum of the 
moments, about any point, of all 
the external forces acting on the 
structure, must be zero. If this 
is not the case, there will be a no¬ 
tation of the structure about this 
point. 

2. The algebraic sum of all 
the external vertical forces must 
be zero. 

3. The algebraic sum of all 
the external horizontal forces 
must be zero. 

Both these latter conditions 
are evidently essential for the 
equilibrium of the structure. 

In a truss loaded solely with 
vertical forces, the first two con¬ 
ditions are the only ones which 
would be used. If the truss is 
acted on by a wind load which 
has a vertical and horizontal 
component, then the third con¬ 
dition needs to be considered. 

In the strain sheet given in 
Fig. 272, the first thing to deter¬ 
mine is the panel load. The load 



at each top panel is 26.25 X 65 X 6.17 * 10,500; the bottom panel 
load is 26.25 X 15 X 6.17 == 2,400. Having determined these, and 
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noted them as indicatetl on the diagram, the only other external 
force to determine is the reaction. As the truss is symmetrically 
loaded, the reactions are et^ual, and each ec^ual to half the total load, 
or 77,400 pounds. 

Suppose the top and bottom chords and the diagonal of this truss 
were to be cut through on the line AB, as shown in Fig. 272. It is 
evident that, if the truss were then loaded as shown by the diagram, 
the portions of the top chord on each side of this cut would push 
against each other, and the portions of the bottom chord on either 
side would tend to pull apart, and the portions of the diagonal on 
either side would tend to pull apaiL Unless there were some way of 
transferring from one side to the other'these forces tending to push 
together and tear apart, the truss would not stand. It is therefore 



the reaction of the portion of the truss on one side of the section AB, 
acting upon the portion on the other side along the lines of the different 
members, which holds the truss in equilibrium. If therefore the por¬ 
tion of the truss to the right of AB is considered as taken away, and if, 
along the lines of the top and bottom chords and the diagonal, farces 
are applied of the same intensity as the forces which resulted from the 
reaction of the portion on the right and which held the truss in equilib¬ 
rium, then these forces can for the time being be considered as ex¬ 
ternal forces, and tlie intensity of them will be such as to fulfill the 
three conditions of equilibrium as regards the external forces. This 
condition is indicated in Fig. 273. It will be seen that these forces 
acting along the lines of the members of the truss cut by the section are 
the actual stress in these members necessary to maintain the truss in 
equilibrium. The stresses produced in the members of a structure 
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by the action of the loads, are called the ‘'internaF* or “inner’’ forces, 
in distinction from the “external” forces or “loads.” 

Any section, such as AB, cutting three members, gives three 
stresses to be determined. The top and bottom chord stresses are 
determined by using the condition that the algebraic sum of the mo¬ 
ments about any point is zero. For the top chord, the point chosen is 
the intersection of the bottom chord and the diagonal. The moment 
of the stress in these two members about this point, is therefore zero, 
and this leaves only the moment of .the top chord stress, which must 
then be ecpial to the moment of the loads about this point. 

In a similar manner, taking moments about the intersection of the 
top chord and the diagonal, leaves only the moment of the bottom 
chord stress to be determined, which must equal the sum of the mo¬ 
ments of the loads about this point. 

In Fig. 272 these top and bottom chord stresses are determined 
by taking sections through the truss at the left of each panel point. 
These top chord stresses will be worked out below. 

Stress in ahi 

77,400 X G.17 - + 476,000 
6,450 X G 17 =» - 39^0 

H- 436,500 ft. lbs. = Moment to bo balanced by mo¬ 
ment of stress in top chord. 

Stress m ah ^ 64,700 lbs. 

Stress in he: 

77,400 X 6.17 X 2 « + 955,000 

12,900 X G.17 X 2 - 159,000 

M of &c = 4- 796,000 

Stress in he — — + 118,000 lbs. 

o./o 

Stress in cd: 

77,400 X 6.17 X 3 «= + 1,430,000 

12,900 X G.17 X 4.5 = - 357,000 

M of cd « + i;073,000 

■ j 1 073,000 , , „ 

Stress m cd =* —^ — = + 159,000 lbs. 

Stress in de: 

77,400 X 6.17 X 4 « -f 1,910,000 

12,900 X 6.17 X 8 - - _632,000 
Uofde - + 1 273,000 

Stress in de = —= + 188,500 lbs. 
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STp.Esh IX ej: 

77,400 X G 17 X 5 = + 2,390,000 
12,900 X G 17 X 12 o = - 995,000 

Mof ef = 4- 1,395,000 

Stref;^ ui c/ = ~ 207,000 11/S. 


Stiiess IX ig\ 

77,400 X G 17 X G = + 2,860,000 
12,900 X G 17 X IS = - 1,43 0,000 
-\l oi Uj = + 1,430,000 

. . 1,430,000 

StresH m jg = —— 


4- 212,000 lbs. 


In explanation of the above, it will be noted that the moments of 
those forces causing right-handed rotation are designated “ + 
(plus), and those causing left-handed rotation are designated —” 
(minus). Also note that the moment at any point consists of the 
moment of the reaction which for the left-hand reaction causes a 
positive moment and of the moment of the panel loads (including those 
over the end) which cause negative moment. As these panel loads are 
all equal, their moment can most easily be obtained by multiplying 
this panel load by the panel length and by the sum of the number of 
panels detween the origin of moments and the loads. Take for ex¬ 
ample the stress in cd] there is one full panel load distant one panel 
length, and a half-panel load distant two panel lengths; combined, 
these equal one full panel load distant two panel lengths. 

As a check on the moment at the center, it is well to calculate 
in a different manner. As this is the point of maximum moment, this 
moment is the sum of the mardmum moments which each load can 
produce. Or it is the sum of the reaction of each panel load, multi¬ 
plied by the distance from the reaction to the panel point. Therefore, 
as a check, we have: 

M - 12,900 X 6.17 X 18 = 1,430,000 foot-pounds. 

In a similar manner, the stresses in the bottom chord would be 
determined, taking moments about the top chord intersections with 
the diagonals. 

There is a simpler way, however. If a section is taken along the 
line C D, and the portion to the right is removed as shown by Fig. 274, 
it will be seen that—just as was explained for the section A B—the 
forces acting along the lines of the members cut are the stress in these 
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members necessary to maintain equilibrium. Since the forces along 
ah and ij are horizontal, and are the only horizontal forces acting upon 
the structure, then these two must 
be equal in order to fulfill the con- 
dition stated—that the sum of the 
horizontal forces equals zero. This 
determines all the bottom chord 
stresses from the top chord stresses. 

Direction of Stress. A stress 
acting toward the portion of the 
truss not considered removed, is 
'positive and is compression. A stress 
acting toward the portion consider¬ 
ed removed, is negative and is ten-- 
Sion. The direction in which the stress must act is determined by 
the direction of the resulting moment of the external forces. If these 
produce right-hand rotation, then the stress in the member must pro¬ 
duce left-hand rotation in order that the algebraic sum of the moments 
shall be zero. Therefore, in the case of the top chord stresses pre¬ 
viously illustrated, since the resulting moment of the external forces 
is always positive, the moment of the stress in the chord must be nega¬ 
tive or act toAvard the portion not removed, and the stress is therefore 
compression. 

In the case of the bottom chord, this stress must act in the op¬ 
posite direction to the stress in the top chord, and is therefore tension. 

Stress in Verticals. This is determined by the condition that 
the algebraic sum of the vertical forces must be zero. Taking a sec¬ 
tion similar to C D, the only vertical force, aside from the loads acting 
on the truss, is the stress in the vertical member cut. This stress, 
therefore, equals the algebraic sum of the external forces on the left 
of this section, or the shear, and is opposite in direction or acts down¬ 
ward toward the portion of the truss not removed; the stress therefore 
is compression. 

Stress iu ah = 77,400 — 1,200 = + 76,400 
hi = 77,400 - 8.850 = + 68,500 
cj = 77,400 - 21,750 = + 55,650 
“ '' dfc - 77,400 - 34,050 = + 42,750 

» rl «= 77,400 - 47,550 = + 29,850 
fm == 77,400 - 00,450 = + 16,950 
“ gn panel load = + in ciOO 
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This latter stress in gn is obtained by taking the section around 
the panel point g, thus cutting only the top chord and the vertical. 
If the section was taken any other way through this vertical, it would 
cut a diagonal, and it would be necessar}" to determine the vertical 
component of this stress before the stress in the vertical would be 
known. 

Stress in Diagonals. This is determined by taking sections 
similar to A B, and determining the vertical component of the stress 
in the diagonal. This vertical component must equal the algebraic 
sum of the vertical forces on the left, or the shear at the section. The 
relation of the actual stress in the diagonal to the vertical component, 
is the same as the relation betvreen the length of the diagonal and the 
vertical depth. In this manner the stresses are worked out below: 

Stress in ai = 1.35 X 70,950 — — 96,000 
‘‘ . 1.35 X 58,050 = - 78,500 

“ e7^ = 1.35X 45,150=-61,000 
dl^l 35 X 32,250 = - 43,700 

“ em = 1.35 X 19,350-26,200 

“ /n= 1.35X 6,450=- 8,750 


The direction of stress in these diagonals will be understood from 
Fig. 273, which shows the vertical component acting in an opposite 
direction to the resultant external foi’ces. 

Choosing the Sections. The fiber stresses used here are tension, 
15,000 lbs. 5 compression, 12,000 lbs., reduced by Gordon’s formula. 

Both top and bottom chords are subjected to bending stresses 
due to the roof and ceiling joists, which come on these chords between 

the panel points. The bend¬ 
ing stresses must be added to 
the direct stresses. 

It is necessary at first to 
assume approximately what 
the direct fiber stress can be 
without exceeding the allow¬ 
able stress reduced for unsup¬ 
ported length and for the bend¬ 
ing stress. Having selected a 
rig. J7o. section on the basis of this 

assumed fiber stress, the moment of inertia and the actual stress must 
be determined. If these vary materially from the allowable, a new 






Tap Cfiarof Section 
S SicfeP/ates ^ 

(/p teg o/own} / „ 
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section must be chosen and the process repeated. In this case the 
process is illustrated below. 

Top Chopd. Fig. 275 shows the assumed section of top chord. The first 
step is to determine the position of neutral axis. 

Cover plates 5.25 X .19 == 1.00 
Side plates 10 5 X 7.3S = 77.50 
Angles 4.96 X 1.G6 = 8 20 
S6 70 

S0.70 — 20,71 = 4.20 = Distance of neutral a.xis from top of cover plate. 

Moment of Inertiv of Top Chord. 

I ah = 5.25 X 4^ = S4.0 

ih X 2 X 14^ = 171.0 

10.5 X 3TTS^= 106.0 

3.96 X 2 = SO 

4.96 32. 

410 0‘ 

Radius of gyration r = 4 4 
led = 5.25 X 3:^ X 2 = 142.5 
A X J X 14*= 85.5 

1.92 X 2 =38 

2.48 X 4C6* X 2 = 107 S 
339 6 

Radius of gyration r = 4.05 

The top chord between panel points may be considered as a beam 
of span equal to panel length, and fixed at the ends as regards the 
bending moment caused by the direct load. Therefore, 

M - pX 5 X 65 X 26 X 607^ X 12 

= 64,000 inch-pounds. 

64,000X 4.2 
f, = -- 670 

212,000 10,250 

20.7 10.920 

Since the top chord is braced laterally only at the ends and at three points 
equally distant, the unsupported length is 18 feet 6 inches. From Cambria, the 
allowable fiber stress in compression for a length of 18 feet 6 inches, and least 
radius of gyration 4.05, is found to bo 11,000 lbs. reduced from 12,000 Ibs. 
The above combin<‘d stress is therefore within the limit and close enough not to 
require redesign. 

Bottom Chord. Thc‘ bonding moment is 

M = 2 X 1 X 15 X 20 X ■fTf?* X 12 
= 14,700 pounds. 
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Fig. 27G shows the assumed section of bottom chord. The neutral axis is 
determined as follows * 

2X14 X X 7 3S = 64.G 
2 X 1.93 X 1 41 =55 

14 X X .19 = _1_0 

71.1 



71.1 — 17.80 = 4.00 = Distance of center of gravity from bottom t>f plate. 
Moment of Inertia op Bottom Chord. 


lab = yV X I X 14‘^ = 105.0 
S75xJM^ = 99.6 
2 X 2 33 = 4 7 

3.86X2756^ = 25.3 


5.25 X 


ft^ 


14,700 X 4.0 


fsd- 


310.7 
207,000 
14.11 (net)' 


76 1 
310.7 

189. 

14,650 

14,839' 


As the bottom chord is subject only to tension, it is not necessary 
to calculate the radius of gyration or moment of inertia about axis 
c d. 

Diagonals are designed by using 15,000 lbs. tension, and choosing 
angles whose net section, taking one rivet hole out, will be sufficient 
for the stress in the member. 

Verticals are designed by assuming an allowable fiber stress based 
on the reduction of 12,000 lbs. for ratio of length to radius of gyration. 
After the section is determined, using this assumed fiber stress, it is 
necessary to see that this fiber stress is within the actual allowable 
stress for the radius of gyration of the member. 

Where two angles are used, spread the thickness of gusset plate, 
the least radius is employed, either parallel with the outstanding legs 
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or through the axis of the gusset. Where side plates are*used, as in 
this case, the radius employed should be that parallel to the outstand¬ 
ing legs. These angles being spread and either laced or tied with 
plates, are weakest in the direction of the axis of the truss. The 
student should follow through the different sizes given for verticals.and 
diagonals, fully understanding the above explanations. 

Fig. 27S shows a detail of the connections at one top chord panel 
point; and Fig. 279, of one bottom chord panel point. It should be 



Fig. 277. 


noted that the rivets are in single shear, and that the side plates are 
deep enough to allow connections to be made without the use of gus¬ 
sets. 

In Fig. 267, a detail is shown of a connection suitable for a rod 
hanging, a balcony, or other member to the truss. Note that the cen¬ 
ter of rod comes at the intersection of the strain lines at the panel 
point. This should always be the case unless the chord is made speci¬ 
ally strong to resist the bending due to a connection between panel 
points. Note also that the connection is applied directly to the gusset 
plate by a pin through the clevis nut. This brings only shearing and 
bearing strains on the connection, and avoids any direct pull on the 
heads of rivets or of bolts, which should be divided wherever possible 
in such cases. 
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The open holes in top chord are for securing the roof purlins to 
the truss. These purlins run directly across the top chord. 

Fig. 280 shows the detail of a truss for a boiler-house roof. This 
roof has a high monitor running down the center, which is also framed 
with steel; the detail of this frame is shown in Fig. 284. 

Fig. 284 shows a general view of the truss and monitor frame in 
position, and the roof beams framing to them. This truss was short 
enough to be riveted up at the shop and shipped wRole. The monitor 



frame, however, was shipped separate from the truss, as indicated by 
the open holes for connection to truss. As this monitor frame, if 
shipped whole, would be likely to become bent and distorted, it had 
to be shipped in two parts, as indicated by the details. 

Figs. 281 and 2(82 show the top and bottom chord splices in the 
center panel of the truss shown in Fig. 272. Note that the point in 
top chord is specified to l)e planed, and therefore the rivets provide<I 
are sufficient for only a portion of the stress, the balance being trans¬ 
ferred by direct compression on the planed surfaces. 
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PROBLEMS 

Determine all the stresses and suitable sizes to use for a truss 
loaded as shown in Fig. 283, and resting on a brick wall at each end. 
The load consists of floor joists resting directly on the top chord; and 
a 6 X 4 X -J-inch angle should be provided near every other panel point, 
punched for lag screws to secure to wood joists for forming a lateral 
support to truss. 

jNIake a complete shop detail of the above truss. 

Trussed Stringers. Figs. 285 and 286 show the two common 
forms of trussed wooden stringers. These consist of a w'ooden beam, 



composed of one or more timbers, stiffened by one or tw’'o struts bearing 
on steel rods, as shown. They are used in timber-framed structures 
where it is impracticable to obtain timbers sufficiently strong to sup¬ 
port the loads. 

The trussed stringer is not a true truss, and the stresses cannot 
be accurately determined by the methods used for trusses, because the 
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stresses in the members depend upon the deflection of the beam as a 
member of a truss and as a beam also. The exact solution is very 






2 P/^ /o"xf-- 


Fig. 281. 

complicated. An approximate solution can be made as follows: 

In Fig. 285, if a load P is applied over the center strut as shown, 

then 


Stn ss in nc 



Stress in a6 X —^ and 

2 nc 

Stress in dc — P. 

If the load P is applied iinifonnly over the whole length of ab, 
then the stresses are approximately as follows: 
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The hending moment may he taken as J R X c:h. 

The beam must be proportioned so as to provide for the direct 


/^OO^ Per finear foot umformfy distributed 
over too chord _ 



Pig 2S3. 

stress -plus the stress due to bending;, without exceeding the allowable 
fiber stress of the timber. 

In Fig. 286, if a load P is applied over each of the struts, the stress¬ 
es can be determined approximately as follows: 

oc 

Stress in Of — P X — ; 

ec 

Stress in ne = P X —; and 
ac 

Stress in cc = P. 

If the load 2 P is applied uniformly over the whole length ah, 
then the stresses are approximately as follows: 

The load at e and / can be taken approximately as -g P; then 

- _ oc 

btross in ac = -g P X —; 

ec 

Direct btress in ae *« -*? P X and 
^ ac 

Stress in ec = P. 

The portions ac, ef, and fb are subjected to bending stresses as 



c 


Fig. 2So. 

before; and if I is the moment of inertia of the beam, the bending 
stress in ae == in which y \ Deptli of the beam; the bending M 
may be taken as J P X ab. The beam must be proportioned so that 


c to c 




'■£‘01 P/ate 
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the combined bending and direct stress shall not exceed the safe fiber 
stress for the timber. 

Owdng to the fact that the actual distribution of stress in trussed 
stringers is uncertain, and the methods of determining these stresses 
only approximate, a factor of safety of not less than 6 should be used. 

The detail of the connection of the rods with the end of the beam 



c a 


Fig 2S6. 

is shown in Fig. 2S7. Sometimes a single rod going between a hori¬ 
zontal beam made of two timbers, is used; and sometimes where two 
rods are used, these are placed outside of the timber. A detail which 
will avoid boring through the timber is preferable. The plate at tlie 
end must be large enough to distribute the stress without exceeding the 



safe compression value of the timber used; for hard pine, this sliould 
be 1,000 pounds per square inch. The plate should be thick enough 
to provide for the shearing stress on the metal, and the bending stress 
induced by the pull of the rod on the unsupported portion of the plate. 

It is important to have the center lines of the members intersect 
at the center of the bearing, as otherwise considerable additional bend¬ 
ing stress will be caused, owing to the eccentricity. 
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ELEVATORS 


The elevator as a modern appliance has become a very impor¬ 
tant factor in business life. Fifty years ago it was comparatively 
11 IInecessary, and in the few instances in which it was in use, it 
was considered more of a luxury than a necessity. The earliest 
form of elevator was used only for merchandise, and the power 
employed was derived from a revolving shaft through the medium 
of leather belts running over pulleys. The introduction of steam, 
however, as a source of power for its operation, made a change in 
the speed that could be attained, and enlarged considerably its held 
of opei'ation. It then began to be used for passengers as well as 
goods. 

EARLY STEAM ELEVATORS 


The application of steam for this purpose was made in a mod- 
itied form, the engine employed being a.double cylinder engine 


with the cranks set at rio-ht angles to avoid 

iO o 

centering, but the valve motion was the 
principal feature of dilference. Of course, 
many experiments were tried in the begin¬ 
ning, but what we shall describe here is 
that form of valve motion which became 
generally adopted. The distributing valves 
were of a special type, resembling more 
than anything one ordinary D-valve with¬ 
in another, and the number of ports in the 
cylinders were four each; Nos. 1 and 3 be¬ 
ing the usual distributing ports carrjdng 
steam to each end of the cylinder, and Nos. 
2 and 4 being used alternately as steam 
and exhaust ports. The starting and stop¬ 
ping was done by means of a change valve, 



Fig. 1. Distributing Valve. 


which alternately, at the will of the operator, converted one of the 
latter mentioned ports into a steam supply port and the other into 


2 


ELEVATORS 


an exhaust. These valves — one change and two distributing— 
were all three contained within one steam chest, and the pressure 
of the steam from the boiler was always on them, holding them to 
their seats. The change valve, however, was the only one which 
opened a port directly into the steam chest. The operation of 
these valves and their arrangement will be readily seen by reference 
to the accompanying illustration. 

It will be seen from the illustration that with this arrange¬ 
ment of valves there could be no lap or lead in the distributing 
valves on the cylinder faces, because the valves had to act alter¬ 
nately for steam supply and exhaust, and any lap or lead that 
might be given them for operation in one direction would produce 
a distorted action \vhen used for running in the reverse direction. 
The consequence was that the engine of this type was not economi- 



Fig. 2. Spur-Gear Elevator Engine, 

cal in its use of steam; and while it was a great favorite at the 
time of its introduction, and for many years afterward (because of 
a lack of anything better) it has, since the introduction of the 
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hydraulic and modern types of electric elevators, almost gone out 
of use. 

At the time of its introduction it was used entirely in con¬ 
nection with spur gearing, the first types of this engine being 
made to drive a pulley on the crank shaft w'hich was belted to a 
larger pulley running in stands on the engine bed, the shaft which 
this pulley drove having on its end a spur pinion meshing into an 
internal gear, which was bolted to the end of a hoisting drum or 
spool which wound up the cable or wdre rope, to one end of which 
the traveling platform or cage was attached. This wire rope 
passed from the hoisting drum up the hatchway and over grooved 
wheels or sheaves at the top of hatchway and then down to the 
cage, and the change valve, by means of which the steam was shut 
off or turned into the engine to operate it in either direction, was 
connected to a wure rope of smaller diameter, which led up the 
hatchway within easy reach of the operator, and the pulling of 
this rope up or down was sufficient to start the elevator in either 
direction. 

The amount of steam, hovrever, under pressure, required to 
operate the engine when lowering a load, was so much less than 
that needed for hoisting, that in order to prevent the engine from 
racing and lowering at an undue speed, the change valve was al¬ 
ways adjusted to give a very small opening into the steam supply 
wlum running in this direction, and in addition to that a certain 
amount of lap had to be given to the valve on the exliaust side, so 
as to choke the exhaust and tliereby retard the descent. There 
was some danger of overloading of the engine, for in ease an over¬ 
load was placed on the cage, of course an attempt to lift it wotild 
fail, but in lowering, especially when the steatn was shut off 
quickly, the ])resflure of tlio confined steam in tho cylinders would 
sometimes exceed chat in the steam cliest, in which case tlie dis¬ 
tributing valves on the cylinders would be lifted from their seats, 
and where they wore fitted to work in a yoke or buckle, at the end 
of the valve stem, they would remain off the seat, when once lifted 
therefrom, until re})lacea. There was nothing then to hold the 
load but the brake, and to obviate this trouble it was customary in 
many cases to bolt to the bottom part of the steam chest an angle 
piece fitting closely at the back of the valve. This piece being 
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stationaK.y, and its vertical side parallel witli tlie cylinder face, the 
valve worked-lip and,down betwx-en it and the valve seat, and it 
prevented the valve from being raised from its seat. 

The brake used on this tj^pe of engine \vas a flexible band of 
steel, which was lined w’ith hard maple in short sections and fast¬ 
ened to the hand by screws. A suitable lever for applying tlie 
brake, with a heavy cast-iron weight on the end of the lever and 
proper adjustments for taking up the W'ear, completed the outfit. 
The brake ^vas always applied by means of the w^eight on the end 
of the brake lever and was released by means of a lieart-aha])ed 
cam fastened to a pedestal or stand on the engine bed and operiiU‘d 
bv the yoke or aiitoinatic stop, which, being connected to the oper- 
atiiiD' cable in the hatchway, before descril^ed, was always actuated 
when the baud cable was pulled to tho center or its throw. 

The pistons of these engines \vere usually very Riui[)lo in con- 
ntruction; they consisted of a disc or block of cast iron -[woperly 
bored and fitted to the piston rod and turned with grooves to re¬ 
ceive the piston rings, wdiich were then sprung over il)e block into 
their respective grooves. They were made slightly eccentric, ])eiiig 
thicker on the side which W’as left uncut, and were usually turned 
little larger than tlie bore of the cylinder. AVhen they were cut, 
a piece had to be taken out, leaving a sjiaco of about inch be¬ 
tween the cut ends, and the rings conseguently liad to ht^ squeezed 
together or compressed in order to enter the ends of tlio cylinder, 
aiid this caused a conatont outward prowsurt^ of llio ])iston rings. 
They were made tw’O in niiinher; in soiuo cases throe, and w’-oro 
usually from to inch wide. 

Owing to the confined space into wdiicdi tlu^so engines liad to 
be put at times, it became necessary to reduce tluun somowhat in 
height in order lo .get them into low haseiuents wdien d<‘sire<l. 
The consequence W'as that the conuecting I'ods were not always nw 
long as the best practice W’ouhl dictut(\ and as a const^quence of 
this, and the constant reversing of the engine, it \v*i,s freqmmfly 
found somewhat dfflicult to make them run <]ui(‘t. Now, how¬ 
ever, with care, this result can generally he attained. 

Another cause of liaminering in this lyp(^ of engine was a 
lack of care on the part of the luaniifactiirer to so proportion the 
length of bore of cyliiuhT ns to allow the outer jiiston rings to just 
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pass over the end of the bore at the end of each stroke. This 
length of bore, of course, was deteniiiiied at the time of counter- 
boring the cylinders, and where the bore was so long that the pis¬ 
ton rings did not quite reach the ends of it, tliey would in time, as 
the bore of tlie cylinder enlarged from constant wear, leave a 
shoulder at each en<l. Aga.inst this shoulder the rino's would 
str’ike at the end of each stroke, and if the engineer was not posted 
on this p'eculiarity, lie would probably try for months to get his 
rods to run perfectly cpiiet ithout good results. Tlie only remedy 
in a case of tliis kind would be to take out the pistons and file tlie 
shoulders, before mentioned, but it would ]>e only temporary. The 
])roper way to g‘ct rid of the evil entirely M'ould bo to counterbore 
the cylinders a little more, hut it was a job tliat was attended with 
considerable difliculty with the engine in place, hence the first 
method would bo found most satisfactory 

The cross heads and guides w’cre similar to those of most en 
gines, whether horizontal or vertical, and diifercd with the ideas 
and taste of the maker. Several enfierent arraimements were used: 
some with jilain straight slides, some witli V-sluqied; but thi'> most 
popular was that of the boi't*(l guides, for cross heads, using' a bronze 
shoo w iih proper adjustments for wear. Theso engines would often 
run as high as 5t)() r. p. m. at full s[)ecd. 

One feature of tliis engine which frequently caused groat an. 
noyanco was the runuing off of tlio bolt which connected the pulley 
on the crank or engine shaft with the largo juilley, before men¬ 
tioned, running on a shaft in stands on llu^ bed. There would 
sc^eni at first siglil to l)o no good reason why a belt of this kind 
sliould* not run well and in lims hut fR‘quently carelessness in 
workmanshi[) was tlie cause of this, for if the jmlleys themselves 
were of equal diameter at each side, and the shafts were not ])or- 
fi*cUy aligiual with oiu>i iinother, it would cause this trouble; an<L 
while the belt migbt ho adjusted to run well in one direction, it 
would run olf the pulley whoa the engine was reversed, tliere being 
a ‘^tightmier’’ fur tlio ]mrpoBO of taking iij) tlio slack of the belt, 
which could bo adjusted so as to cause the belt to run well in one 
direction. The distance between centers of shafts being short, the 
belt was nccesBarily short too, seldom exceeding fi) fet^t in entire 
length, and it was always ondless, that is, without seam or being. 
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The writer has frequently seen on some of the older types of these 
engines a- pulley that was larger on one side than the other; this 
also would cause the trouble. 

Another defect in this engine was the liability, when the belt 
had been in use a great while and neglected, for it to become dry 
and cracked, and if it broke either when lifting or lowering a heavy 
load, there was a chance of the cage falling, there being nothing to 
hold it in that case but the brake. To automatically apply the 
brake and at the same time shut*off steam, in case of an accident 
of this nature, there was attached, to one of the arms carrying the 
idler, a vertical rod The lower end was attached to the cam oper¬ 
ating the brake; the upper part of this rod^.was hollow and the 
lower part telescoped into it. A collar and set screw on the lower 
rod being set in the proper position would receive the end of the 
upper rod on its face, in case the belt should break or come apart, 
for the great weight of the idler pulley would cause it to fall, 
carrying the arm to which the upper part of this rod was attached. 
This then w^ould throw the brake cam around in the position to 
apply the brake, and at the same time shut off the steam, thus 
stopping the engine also. 

This pulley, which performed the double office of tightener 
and as an adjustment for the direction of the belt, was very necessary, 
because as the belt stretched from constant use, this idler, running 
on top of it, and being made very heavy for the purpose, would 
take up the slack of the belt, causing it to have greater contact 
with the pulleys. The arms, which carried the shaft upon wdiich 
it ran, were attached to the upper part of the engine frame and ex¬ 
tended outwards toward the rear of the engine, and were of such a 
length as to leave the pulley in the right position upon the holt 
just between the engine pulley and the larger pulley in the stands 
on the engine bed. Sometimes, however, a sudden stoppage of the 
engine would cause this tightener to jump away from the belt and 
then drop back upon it, and this feature had a tendency to catise 
the belt to break whenever it beefame weakened in any part. 

To prevent this Jumping of the idler, which also liad a bad 
effect on the stopjnng of the engine, spiral springs were sometimes 
attached to these arms and carried down to a convenient point be¬ 
low where they were attached either to the bed of the engine, or to 
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the wroTight-iron braces which stayed the upright frame to the 
bed. Turn buckles were provided to give the springs proper ten- 
sion, and this remedied the difficulty just related. 

When these engines were at rest the steam chest was always 
full of steam and ready at any moment to start upon the change 
valve being opened in the proper direction. As'this steam chest 
radiated considerable heat, there was always more or less water of 
condensation in it. A drain pipe was run from the bottom of the 
steam chest to a steam trap, which was set considerably below the 
level of the bottom of steam chest, and the water escaped to this 
steam trap. 

The automatic stop was a screw provided with a traveling nut 
and adjustable set collars. This screw was a sleeve which usually 
ran upon a long stud bolted to one of the stands in which the larger 
pulley shaft ran, and it was geared to the pulley shaft by means of 



Fig. 8. Elevator Engine with Worm Gear. 

a spur gear and pinion, which were so proportioned as to give this 
automatic screw about the same speed as the drum shaft The 
traveling nut was so arranged that at either end of the run it would 
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come ill contact with the set collars, which had to lie set just to 
the right position to gear a\ ith this traveling nut. They each ha.d 
a tooth which interlocked when the traveling nut and collar were 
brought together. By this means, the traveling nut was made to 
revolve, and as it turned, the automatic yoke, which was connected 
to the starting lever by means of a link connection, operated the 
change valve and applied the brake at the same time, thereby stop¬ 
ping the engine at the limit of its run. This end was also attained 
by means of stop buttons on tlie operating cable, v^hich were made 
so as to clamp the cable wherever they were placed and tightened 
up, and a striker or arm attached to the cage so as to slide up and 
down on the operating cable freely. • Whenever the striker came 

in contact with one of these 
stop buttons it pulled the 
cable tlie same as the attend¬ 
ant would, and thereby also 
shut olf steam and applied 
the brake. The operations 
were identical in each ease, 
except in the method of ar¬ 
riving at results. A pressure 
of from 00 to 00 pounds of 
steam was usually carried at 
the boiler. 

The lubrication of the 
wrist and cross head pins, 
eccentric straj)s, etc., was us¬ 
ually supplied by iiu^ans of 
couij)rcssion g r e a s o cups. 
This method was adojded on 
the score of economy and 
cleanliness; tlie valves werc^ 
lubricated by means of a self- 
feeding cylinder lubricator. 

Fig. 4. worm Gear in Ilonslxig. dilliculty with 

the spur gear type of engine was that of low jiressiiro and ovm*- 
loading. It sometimes ha])pened that when tluire was no steam 
on the engine at all, the car being left at one of the upper stories. 
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an ignorant attendant would put load on the car and pull the 
operating cable. The brake being released, the load would run 
the engine backwards and run to the bottom violently. Of 
course, when these engines and their peculiarities became well 
known, accidents of this kind were less frequent, and taking it 
altogether, the service rendered by these engines was invaluable. 
Being the most rapid up to the time of their introduction and for 
a long time afterward, they were a favorite for many years, the 
principal olqection to them being the cost of operation in com¬ 
parison with otlier methods introduced later. 

Later on a inodihcation of this engine was used for passenger 
service. Tlio changes consisted of the use of a worm gear in place 
of the spur gearing just described, and owing to the location of the 
worm shaft it necessitated the us© of an engine with the cylinders 
inverted, and placed at the top of the engine instead of below as in 
the original form. TJiis arrangement has some advantages for 
])assenger work, as the liability to run down, which always exists 
with a hoisting machine where spur gearing is used, was eliui- 
inated. It \vas also considered safer and more desirable for pas¬ 
senger use on account of its smoother action and the fact that the 
breakage of one or two teetli iu the gear would not cause the plat- 
foimi to descend rapidly. Tlio other characteristics of the engine 
were not cha,ns^ed. 

o 

WATER BALANCE ELEVATOR 

Contoinpovary \vitli tliia engine, whicli attaiix'cl its greo.test 
popularity during the 7()’s, there was iutrodnced a form of hydmu- 
lie elevator ■which at ouo time bid fair to bo a successful J’ival of 
the ateaiu engine. It was called the water balance elevator. It 
consisted of the usmil cage or cab in which the ]iassengers rode, the 
cabh'B lU'cessary for hoisting which ])a8sed up the top of tlie liatch- 
way in tho usnal manner and over sheaves, thence down into a 
large metal tube or well hole, and attached to tho other end of 
these cahles was a largo bucket that nearly lillod tlio well hole just 
mentioned. At the top of tho ■well hole and ahovo tho higiiost 
}){)int to which the bucket traveled, there was a tank containing 
waUw supjilied by moans of a steam pump. At tho bottom of the 
bucket was a discharge valve, which as well as tho valve at the 
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bottom of tbe tank just mentioned, were operated by means of 
pedals located in the cab. 

Tke operator by pressing the appropriate pedal with his foot 
would discharge water into the bucket from the tank above. When 
sufficient water had accumulated in the bucket to more than bal¬ 
ance the weight of the cage and its occupants, the elevator would 
begin to move, the water in the bucket forming a counterbalance 
weight and virtually dropping down the well hole dragging the 
cage upwards, and vice versa, when the water was allowed to 
discharge itself from the bucket it would become lighter than the 
cage and the cage would drop. This water having been discharged 
into a tank at the bottom of the well hole, would be pumped again 
into the overhead tank. 

The speed of this elevator was unlimited, and was governed 
entirely by the use of a powerful brake gripping the slides or rails 
on which the cage traveled. This brake was arranged by means 
of very strong springs which always held the brake on, and had to 
be released and held off by hand to obtain any movement of the 
cab when the conditions for motion were right; and in letting go 
of the brake, it applied itself with sufficient power to stop the 
elevator. 

.This form of elevator was found to be very expensive, both to 
install and operate, and moreover, was dangerous in the hands of 
unskilled men, and it soon went out of favor upon the introduction 
of the horizontal hydraulic elevator. The latter was originally the 
invention of William Armstrong, a man prominent among mechan¬ 
ical engineers in Great Britain. 

HORIZONTAL HYDRAULIC ELEVAT0R5 

The first elevator of this type was used for the purpose of 
hoisting stones from a quarry in Yorkshire, but its utility as an 
elevator for merchandise was soon recogui^iud and it began to be 
used extensivejy for this purpose in that country, and it was along 
in the early ^70^s that it was first introduced into the United States. 
The earlier machines of this type were usually O 2 )orated by water 
pressure obtained from the city mains. The machine consisted of 
a east iron cylinder, the bore and length of which varied according 
to surrounding conditions, being chiefly governed by the water 




Fig. 5. Plan and Elevation of HorlsJontal HydrawUc Elevator. 
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pressure available and the height of the building in which it was 
used. A piston, fitting closely in this cylinder, was made water 
tight by means of suitable packing. There was a piston rod and 
cross head which carried a set of traveling sheaves, and a set of 
fixed sheaves. The cross head traveled on a track provided for the 
purpose, which acted both as a support and guide for same. The 
cable which hoisted and lowered the cage, passed up the hatchway 
in the usual manner over sheaves at the top of same, thence down 
to one of the fixed sheaves below on the end of the machine. From 
there it passed successively along under the machine, around one 
of the movable sheaves on the cross head, back to one of the fixed 
sheaves at end of machine and so on three or four times, and the 
other end was finally made fast to the hydraulic engine. This 
arrangement of rope and sheaves was exactly like a block and 
tackle, the cage being attached to the loose or running end of the 



Fig 6. Horizontal Hydraulic Klovator. 

rope. Kow \vhen water pressure w’as applied to the piston, it 
would pull tliese sheaves apart, causing the end of tlio cable in the 
hatchway to raise, with the cage attached, at a speed nnu*]i faster 
than that at which the piston travele<l, the dilferenco in speed Ix^- 
ing governed by the number of sheaves collectively on the macliiiu»». 
For instance, if the cross head had four movable sheaves travt‘.ling 
with it, and at the fixed end of thomacliine there wore four sheaves, 
the ratio or difference between tlio speed of cage and that of the 
piston would bo 8:1; in other words, the cage would travel eiglit 
times as fast as the piston, and eight times as far. The ratios 
more generally used are from 4:1 to 10:1, depending on the specxl 
req,uired and the load to be lifted* With this arrangement when 
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connected to the city mains, the water, after being used, was wasted 
or allowed to run to the sewer. Later on, the introduction of the 
roof tank permitted water to be used over and over again, the same 
as in tlie water balance elevator. A still greater advantage was 
gained ))y the introduction of what was called the pressure tank. 
Tliis was a inodiHcation of the accumulator so much used in 
Europe in connection with hydraulic presses, and consisted of a 
reservoir lliat was fitted with a plunger of large area, which worked 
vertically through a tight stuffing box, and having on its end an 
enormous weight or load of cast iron. Water being pumped into 
this accumulator, raised the plunger with its load, and when draft 
was made upon it, it would force this water out into the cylinder 
of the hydraulic ram with a pressure equivalent to that of the load 
carried. 

The pressure tank was similar in arrangement, except that the 
Ci>m])ression of air above the w’ater gave the pressure required. A 
cylindrical tank pro])erly braced and stayed was used, with inlet 
and outlet ])ipcs and watei glass to show the lieight of water in the 
tank, and a ])ivsburo gauge. Air would ho pumped into the tank 
up to a inodefale pressure, afterwards water would l>o pum])e(l in, 
and this wabu’ furUun* c‘om])rossing the air, wouhl [)rodueo an ul¬ 
timate ])r<‘SSuro of anywhere from 100 to ir^O pounds ])er S(piare 
inch. Tins inlet and o\iilet pipes for the water wvre directly at 
the bottom of tlie tank to ])revent the escape of any of the air, and 
when wtiter was drawn off from this tank in cylinder of the 
hydraulic engine, the drop in pressure would not be more than a 
very few pounds, owing to the expansibility of the air above the 
water, about ont‘4hird of the total contents of the tank being air 
under pressures 

This an'a.ngemi>nt enabled higher sjkhhIs than was admissible 
witli tb<^ stnu^t main service, the street pressure of ma.ny cities be- 
inglow; in fact those having a liigli ])ressiire—anything from 00 
to 100 pounds—lading rare. Moreover this arrangement liad 
othc!’ fcvitnn^s which were desirable, the absence of water hammer 
in the pipes being om^, the using of the same water over and over 
being another, and the ability to have the most useful pressure be¬ 
ing a third. With the liigher pressure, cylinders of a smallov 
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diameter could be used, and consequently a less amount of water 
also, 

Tbe operation of the hydraulic elevator was by means of a 
two-way valve, the most improved type 
of which consisted of a cast iron cylin¬ 
der with a brass lining, which was per¬ 
forated opposite the openings or branch 
pipes in the cast iron body. Inside 
this brass lining was a plunger with 
leather cup packings held in position 
by discs of brass, which were so ar¬ 
ranged as to cut off the supply of water 
gradually so as to produce an even and 
gentle stop. Where the supply v^as 
taken from the city main an additional 
precaution was taken of using an air 
chamber on the supply pipe near the 
operating valve. The office of this was 
to prevent violent shocks in the ]>ipe 
from the sudden stoppage of the flow 
of water through the same, caused ])y 
shutting the operating valve quickly. 
The water in the main, when the valve 
was closed, would continue its onward 
course up into the air chamber, the air 
in which being compressed, would act 
similarly to a spring, gradually retard¬ 
ing the flow of tlio water and reBtoring 
its equilibrium, but in the case of the 
compression tank it acted of itsidf as a 
Imge air chamber. 

With the higlier pressure obtained 
l>y use of the tank, greattT speeds could 
]>o attained, frequently as high as ;!()() 
or 400 feet per minute, while with 
street main system it rarely (^xeeedod 
160 feet per minute, and frequently was as low as 50. The com¬ 
pression and roof tanks were usxxally kept supplied with water by 
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means of powerful steam pumps, the change of level of water in 
the tanks being made to automatically turn on steam or shut it olf. 
These pumps, therefore, were not obliged to run constantly, but 
only when the supply of \vater in the tanks became somewhat 
depleted, the pumps running simply long enough to supply 
the deficiency. 

When the higlier speeds were found desirable and attained, 
some better means of operating the elevators than the hand cable 
became a necessity, and the invention of the lever operating de¬ 
vice followed. With it came the pilot valve. This was a small 
auxiliary valve attached to the main operating valve which ob¬ 
tained its power from the 
pressure . tank. The oper¬ 
ator in the cab moving his 
lever, would open the small 
pilot valve, which in turn 
admitted water to a piston 
on the stem of the main 
operating valve, the pres¬ 
sure of the water moving 
this piston in (uther direc¬ 
tion as desired, and with it 
the main plnng(U’ of the operating valve. The pilot valve its(df 
and its connection with the plunger of the main operating valve 
is so constructed that a partial movement of the operating lever 
would produce a partial opening of the pilot valve, and in turn, 
a partial opening of the main valve, if so dt'sired. The full 
opening and closing were obtained by the full movement of the 
oj)erating lover. 


g Opera tfng \/al\/e 


Leirer F or/^o\an a Pilot \/a l\/e 
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Fig. 8. Auxiliary and Oporatinf? Valves. 


VERTICAL HYDRAULIC ELEVATORS 

The horizontal hydraulic elevator had not been in use very 
long, when Mr. (). W. Baldwin, of Now York, c5onceivi^d tlio idea 
of using a vortical (cylinder. This was not entirely new, as they 
had been used in Europe, but not exactly in the manner in which 
he proposed to use his. The advantage of his form of hydraulic 
elevator was that it took up less room in the building, because it 
could be set up in the same hatchway with the traveling cage, in 
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one corner of the well hole, and for the sake of economy in space 
it was usually made with a ratio of from 2:1 to 4:1, instead of 
from 6:1 to 10:1 as with the horizontal hydraulic. The conse¬ 
quence was that the cylinders w^ere necessarily quite long, though 

smaller in diameter than the horizon¬ 
tal machine. They differed also from 
the horizontal in the fact that they did 
not use any guide ways for the cross 
head. 

The cylinder being set vertical 
and a fixed sheave directly above it, 
the end of the hoist cables w^ere made 
fast to a beam overhead and led thence 
down to the cross head and around the 
sheave in same, and up again over the 
fixed sheave before mentioned, thence 
over the sheave in hatchway directly 
above cage. This gave the machine a 
speed ratio of 2 to l, and the piston 
would travel just half the distance of 
the cage, but it was found that a great 
loss of pressure occurred at the begin¬ 
ning of the travel, owing to the top of 
the cylinder being so high above the 
level of supply. To equalize this, the 
discharged water was returned through 
a circulating pipe to the bottom of the 
piston, instead of discharging it into 
the surge tank or sewer immediately 
after it was used. By this means the 
weight of the water beneath the piston 
was used to equalize the pressure, but 
as this water beneath the piston Avas lield there by atmospheric 
pressure until discharged, it was found that the length of tlio ver¬ 
tical cylinder could not he more than 83 feet at sea level, or its 
equivalent in other places. This limited the length of vertical 
cylinder that could be used, so that the ratio of this type of 
machine W’'as governed somewhat by this. 






MOTOR DIRECT-CONNECTED TO ELEVATOR 
Holtzer-Oabot Electric Company. 
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But with all these machines, both horijzontal and vertical, 
where the pressure was comparatively low. a great loss of power 
was caused by the friction of the piston in the cylinder, and the 
flow of the water throiioh tluj ]>i])es, as well as the difference in 
weight of tile cables, dejxmding on wlietbei* they W'lU’e lianging in 
the hatchway on the. side of tlie ear or on that of the niachine. 
These cables, which W(M‘e usually four in number, and sometimes 
more (and generally of alioiit inch diameter, weighing about ^ 
of a ])oini(l to tiui foot), would, Mlien the ear or cage was at the top 
of the Initchway all hang down towa.r<]a the niachine, and in the 
case of a building say lOO feet high would amount to over 400 
pounds. Now wliile as a measure of economy, it was desirable to 
counterbalance the w<‘ight of the cage, it could not be done very 
closely with this difference in the weight of tlie cables on one side 
or the oilier, according as the cage W’as at the low\*r or upper land¬ 
ing. lienee, some moans of counteracting this.was found desir¬ 
able, and it w^as done by hanging chains in the hatchway, one end 
of them being attached to the wall of the liatchway about half w^aj 
uj) the run or travel of the cage, their other ends being attached 
to the liottoiu of the cage. It W'ill readily lie seen that wdien the 
platform or cage was down at the bottom of the run, and couse- 
(jiiently the cables on the ear side Iianging down in the hatchway 
and eipializing the w^eight of those on the other side, the chabis 
would 1 k^ hanging on the W’all, hnt that wlien the cage W'as at the 
top of the hatchway and the weight of tlie cables jiroponderating 
on the other si<lt*, tlu*se chains would he Iianging on the bottom of 
the cage, thus oH'setling the wanght of the cables. By this moans 
closin’ counterpoising could ho obtained, and the desirability of 
tills method of eountor[)oising, in after years, when much taller 
buildings came into existence, may very readily bo st^en. In fact, 
it lu‘canK> ipiite indispensable in the ease of buildings of 17 or 18 
stories. 

Latm* on, the introduction of the electric elevator and the 
claim made for its economy of operation eaused elevator builders 
Co look for more economical methods of operating the hydraulic 
elevators. One of the chief drawdiacks to economy in the hydraulic 
elevator was the fact that the same amount of water had to be 
used per trip regardless of the load, and the introducers of the 
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electric elevators made tlie claim that an amount of current pro- 
portional to tlie load carried was all that was used. 

The introduction of the high pressure water system in the city 
of London had attracted considerable attention in engineering cir¬ 
cles, and the use of elevators ii> connection therewith had sh^wri 
that a greater economy was possible with a higher pressuie, owing 
to reduced aiea of cylinder., there being less friction and smaller 
consumption of water. The system of liigli pressures was intro¬ 
duced here, but it has not realized nil that was expected of it. 
The enormous expense connocted witli the installation and main¬ 
tenance are the chief drawbacks, but during tlie time that was 
devoted to experimenting with the high pressure systems, one or 
two types of elevators were evolved that gave considerable satis¬ 
faction, one of these being that of using a vertical cylinder with a 
ram, the weight of which was sufficient to lift the cage with its 
load. The hoisting of the load, therefore, was done by discharging 
the water from the cylinder, and when the platform or cage was to 
be lowered it was accomplished by turning Lh© water pressure 
against the end of the ram and lifting it. This ram was geared 
in the usual manner bv means of a cioss head and sheaves having 
a ratio of anywhere from 2:1 to 0:1. 

Other schemes were devised for economy, one of which was 
to have two or more tanks at varying pressures, one tank having 
say 100 pounds pressure, a second 150, and using one or the other 
according to the load to be lifted, an automatic operating valve 
being used in connection therewith. 

Another form of hydraulic elevator, which lias always been 
very popular in Europe, was the jilunger machine or ram. This 
consisted rf a hollow plungev, which ])asse(l through a stufUng 
box in the top of the cylindm’ wliicli was Id down into tlu‘. ground, 
the doptli of same being the length of run from lowin' to n[)pt‘r 
landings, the ])]atform or<*agc b iing set on top of this nim.. When 
water was let into tlie cylinde" the ])rt^ssure of same against the 
bottom end of the ram forced ’tup out of the cyliudei, and tlu^ 
cage with it, to the top of the building, the lowering biung done 
by allowing the water to afterwards escape. Tiie form of valvi^ 
and its operation was the same in this case as in that of the other 
types of hydraulic elevators. 
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This style, of elevator, however, from the point of economy 
had one objectionable feature that was peculiar to itself, and which 
was more noticeable in the higher runs or upper stories of build¬ 
ings. The plunger being 
hollow, to insure lightness, 
had a certain amount of 
buoyancy when wholly im¬ 
mersed, but when run par¬ 
tially or entirely out of the 
cylinder, this buoyancy nec¬ 
essarily decreased, and con¬ 
sequently the lifting power 
of the elevator became less 
and less as it reached the 
upper stories of the building. 

It consequently could not be 
counterbalanced very closely, 
because if that were done the 
plunger, in descending to the 
lower story, would come to a 
point where it would stop of 
itself because of its inability 
to displace the water in the 
cylinder. This was a matter 
that entered largely into the 
calculation of the area of 
plunger when arranging the 
proportions of cylinder and 
plunger, in relation to the 
pressure of water to be used. 

The earliei elevators of 
this ty pe were usually made 
with a cast-iron plunger, 
which as before stated, 
of cast iron, had to be re-enforced 





Fig. to. PUinger Elevator. 

was hollow, and, owing to the brittleness 
by running a heavy wrought 


iron 


rod 


up 


through 


the middle of the plunger, the lower end 
passing tnrougn the bottom end of the plunger, the upper end 
being made fast to the floor of the cage. Without this the sudden 
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opening of the operating valve would allow the escape of water 
from the cylinder for descent, and when the cage was in the upper 
story it was lialde to cause the plunger to break off. Such an 
accident as this occurred some years ago in Paris, causing the loss 
of one or more lives. 

Ill the case just mentioned, the wrought iron rod in the center 
of the plunger was absent, its absence being a fault in the design 
of the machine. To-day, however, with the introduction of Besse¬ 
mer steel tubing, the necessity for the center rod does not exist, 
the ends of the tubes being threaded internally, and a male coup¬ 
ling being used inside the pipe. The joints in the cast iron plunger 
were made by boring out the ends of the sections of the jilungers 
and inserting a thimble nicely fitted, which entered each end of the 
adjacent sections to a distance of 3 or 4 inches, the ends of the 
sections of the plunger themselves being faced or squared off per¬ 
fectly in the lathe, and the whole being put together with a hy¬ 
draulic cement composed of litharge and red lead mixed with 
boiled linseed oil, or Japan varnish. These machines are very 
much in vogue to-day for short runs, and despite their lack of 
economy in operation, which must necessarily exist owing to the 
conditions described, a company has within the past few years been 
formed for the exclusive manufacture of this style of elevator. 

PACKING AND LUBRICATION 

s 

Of course, in the manufacture of all the styles of hydraulic 
elevators here described, a very important feature is the condition 
of the bore of the cylinders and the external diameters of the 
plungers. It is absolutely essential that both cylinders and plun- 
gers shall be parallel and smooth, any inequalities or inaccuracy 
causing a waste of the water used in operating them, and one of 
the most essential features in their care is the proper, and <iven, 
setting up of the packing, both in the glands of the plunger ma. 
chine and in the piston of the cylinder machiue. 

Many forms of packing have been devised, the earliest being 
the leather cup, which is almost as old as the hydraulic jiress, in 
which latter it proved to be the most successful packing over 
devised. In a hydraulic press, the ram or plunger travels a 
very short distance and very slowly, and under exceeding great 
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pressure, but with the lower pressures used in hydraulic elevators, 
and with the greater rapidity and distance of travel of the piston, 
this style of packing was not found to be as long lived as could be 
desired. Hence, varioiis other means were devised to overcome 
the defects found to exist in tlie leather cup. One of tlie best was 
that of using a leather cup exactly as the original, but smaller thari 
the diameter of tlie cylinder by an inch or inch and a quarter, 
and to till up the space between the leather cup and the Lore of 
cylinder, rings of ordinary square pump piston packing, made of 
alternate layers of rubber and canvas, were used. These were lield 
in place by means of a follower ring, and through the web of the 
piston leading directly behind the leather cup, small holes were 
drilled which permitted the water in the cylinder under pr<'syiire 
to obtain access behind the leather. This pressure forced the 
leather outwards against the aforesaid rings of piston packing, 
pressing them against the bore of the cylinder, and allowing the 
passage of the piston in a water tight condition. 

This form of packing was used very largely in the vertical 
hydraulics, described above, and introduced by Mr. Baldwin, but 
this form of elevator liad one great disadvantage over the horizon¬ 
tal type of machine, in that both ends of the cylinder were closed, 
and these conditions did not permit of ])roper lubrication. Hence, 
after machines of this type had run a few years the cylinders be¬ 
came badly scored or grooved, and there was a great leakage of 
water past the piston,’nud the only remedy was the roboring of 
the cylinders. In many cases, especially whore elevators of this 
type iiad been installed where the water pressure was low, the cyl¬ 
inders had been designed w'ith such thin metal in the walls that 
they would not admit of reboring. In some cases, tuiginoers liad 
tried to introduce a lubricant in the water used to oj)erale the ele. 
vators, but with no very marked success. 

With the horizontal machines, however, one end of the cylin¬ 
ders being open, lubrication became an easier problem to solves. 
In these machines, owing to the greater diameter of cylinder, the 
leather cup and j)iston packing was not so readily a]q)liod. and in 
lieu thereof, several forms of packing were a<lo])te(L by diiferent 
makers, each having his own ■|)articular choice. In some cases, 
plaited hemp was used. Others used the square piston }>acking 
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made of rubber and canvas before described. Still otliers used rub¬ 
ber cord; some used it in the square strips and otliers round with 
alternate layers o£ square piston packing, and each of these had 
its own particular merits and advocates. 

The piston had to be made with an annular space for tlie re¬ 
ception of this packing, so shaped that the pressure of the neces¬ 
sary follower ring, which was essential to the tightening up of 
the packing, caused it to be forced outwards against the internal 
sides of the cylinder. This follower ring was made witli a roomy 
groove in tlmt part of it which extended outside beyond the pack¬ 
ing, and from this groove extended a ])ipe leading out l>eyond the 
open mouth of the cylinder to the cross head where a largo com¬ 
pression grease cup was fastened and kept filled with grease. The 
tightening of a screw in this grease cup forced the grease through 
the pipe into the groove in the follower, thereby keeping the cylin¬ 
der constantly lubricated at every stroke, and to prevent its escajio 
through the open end of cylinder and consequent waste, a ‘•‘wiper"’ 
or single ring of packing was used with an auxiliary follower I'ing 
to tighten it up as required. 

There is a peculiarity about the lubrication of the cylinders 
and plungers of hydraulic elevators not generally known to tlu’ 
persons in charge of these machines, whicli is that nothing hut 
purely animal oil or grease will give perfect lubrication. 

Since the introduction of oils and greases that were partially 
or wholly composed of products of petroleum, tlieir cheapness and 
adaptability to revolving shafts and bearings has made them a 
general favorite, but liowever well adapted they were for lubrica¬ 
tion of this nature, tliey were wliolly unfit where water came in 
contact with the surface, and that is why they were not suited for 
hydraulic elevators. Each time the cylinder was filled with water, 
or when, in the case of the plunger elevators, the plunger became 
immersed in the cylinder, grease or oil that had been applied dur¬ 
ing the stroke would float away in the water, leaving the bore of 
the cylinder or external surface of the plunger entirely bare. To 
obviate this, it was necessary to use a ])iirely animal oil or grease, 
which, ])eing a better resistant of wal(‘r, would remain on the me¬ 
tallic surface for sevcu’al strok(*s of the piston or plunger, as tlu^ 
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case might bey and consequently was more economical and more 
satisfactory, 

LIMIT VALVES 

For limiting the travel of the cage to the upper and lower 
landings, in other words, to cause the water to be automatically 
shut off at these ])oints in(Uq)eiulently of the efforts of the operator, 
the earlier hy<lriiulic elevators de])eiuled entirely on button stops 
on the operating cable, working in conjunction with a striking arm 
on the cage. 

In all elevators it is the custom, in putting on the operating 
cable, to arrange it in such a way that pulling down on the stand¬ 
ing ])art of th(^ cable which is used ])y the o[)erator causes a motion 
of the elevator in an o])]»()site direction, and vice versa. For in¬ 
stance, were the operator to ]>ull the cable down, the car would 
rise. N^ow at a proper place on this cable is fastened a sort of 
clamp, being made in halves for the greater convenicnice in putting 
it on, and the two halves being fastened together with holts. 
When ])ut in jilace on the cable and clamj>'*d tightly there, it is 
immovable exctq)t with the cable. An arm of wrought iron is 
fastened to some convenient pari of the cage sulHcieiitly high to 
he out of iho way of the o]HU'{itor, and this arm is formed at one 
end into a ring vliich slips freely over tln‘. operating cable as the 
car travels, ami strik<‘s the hiiiton just described, on arrival at 
either end of the run, moving the cable exactly as the operator 
would do it to tlie cent.nil or stop [K)sition. 

This arrangenunit worked v<uy niiudy and iill(‘d all mpiiro- 
menis as long as tlu^ operating cable was in good condition, hut it 
was found in eours<^ of time that, as tlu' ojKU-ating cable wore or itvS 
condition det(‘ri()rnt(‘(l from any cause (the j>rincipal one being 
dampness in the pit at lowcn* lamling), it was liable to break, and 
tins always occurr<‘d when it \vas least t‘xp(‘cted, the result being 
disastrous in ovtuy instance. In some cases the j>ist()n would 
com(‘ out at tln^ (unl of the cylinder, allowing the water of the cyl¬ 
inder to osca[K\ causing S(‘rious <la.mM.g(s foi* it wouhl continue to 
flow through tln^ supply [dpe, ami at the saim^ time the cage would 
be nn> violently into tlu^ sheaves at the top of the hatchway, often 
breaking them and (causing other serious damage, and in the case 
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of the plunger elevators, the j)lnnger would come out of the cylin¬ 
der, allowing the water to escape in like manner. 

To prevent this, various expedients were devised, among 
them being the limit valve. This was an auxiliary valve placed 
between the operating valve and the cylinder, and was so arranged 
in the case of the horizontal hydraulic elevator that cams attached 
to the piston rod at either end—one near the cross head and an¬ 
other near the piston—would engage an arm on a *ock shaft, 
moving the arm so as to cause it to close the limit valve, and 
thereby prevent the ingress or egress of water to or from the 
cvlinder according as the cage was at the upj)er or lower limit of 
its run. The earlier forms of these valves were made single acting, 
that is to say, they simply closed tlie pipe between the oj)erating 
valve and cylinder, and they were so arranged that they did not 
entirely close it unless the car went a few inches beyond the land¬ 
ing in either direction. When this occurred, the valve had to be 
opened by hand in order to give the cage headway in the opposite 
direction, and this was found to he a decidt^d disadvantage. 

Then another form of valve was devised of the two-way type, 
taking water through one passage from the operating valve for 
hoisting, and discharging it through another from the cylinder 
through the operating valve also, thus gi\ing the operating valve 
control of the water at all points, excepting the upper and lower 
limits of the run. With this arrangement it v’as possible to run 
down or up to the extreme limit, allowing the limit vah'es to taki^ 
care of the stops at either end, because in this case when the limit 
valve shut olf the supply of water for hoisting at the upper land¬ 
ing, it left the opening for lowering still open and vice v'ersa. 

This form of limit valve proved all that wa.s r('(|uired of it, 
but even was liable to derangement, so to overcome these ditHcul- 
ties and to make it simply impossible for the elevator to run l>e- 
yond its limit, more care was taken with having the cylin<l(U*s of 
the exact length required for the run, ])lns the lengtli of ])iston, 
and across the open end of the cylinder and spanning the piston 
rod, which was allowed to })ass freely through it, was a. very heavy 
bar of cast iron, which projected some inches Ix^yond the outer 
diameter of the cylinder. Similar projections were made on the 
cylinder head on each side to correspond with the ends of the bar, 
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just described, and running along longitudinally between tbeiu were 
very heavy rods of wrought iron or Bessemer steel threaded at each 
end. The ends of these rods passed through holes in the lugs cast 
on the cylinder head and through the ends of this bar, and ]iuts on 
the ends of the rods hound the bar and cylinder head together. A 
rubber bumper was put around the piston rod, clamped there 
linnly, and set partially in a recess made in the hub of the j)iston, 
and upon the arrival of the piston at the end of the run this rubber 
bumper would come up hard against the heavy bar of cast iron, 
which being made amply strong for the service it was to perform, 
prevented the travel of the piston any farther, and in like manner 
the piston came against the cylinder head of the lower limit of 
travel, there being a similar bumper of rubber fastened in the 
recess in the hub of piston on that side. Of course, these cylinder 
heads had to be strongly re-enforced to withstand the strain, and this 
was found to answer all requirements, for it would always operate, 
regardless of whether the limit valve or buttons o^ the operating 
cable gave out or not. 

In the case of the vertical hydraulics, M-hich were known as 
the standard elevator, an appliance of tliis kind was not so easily 
})ut on, in fact none was ever devised that acted successfully. The 
only ])la,ces they could he used was at the uj)j)er end of the run 
and at the lower end, between the cylinder and operating valve, 
and tliis liad tlie disadvantage previoiusly described as existing 
with the earliest form of limit valve on the horij^ontal machine. 
If the valve in the circulating pipe was closed it })revented the 
elevator from running in either direction; lionco, it liad to ])e set 
so that it would not close entirely, and tliis very fact impaired its 
usefulness and olfectivoness. In the case of tlie vtwtical jdunger, 
howeviM*, it was very easily arranged, the cylinder being made so 
Unit when the plunger got a little tielow its loweiTiniit of travel it 
was made to rest upon the bottom liead of the cylindei*, and fast¬ 
ened around its lower end was a ring which, when it reacluKl its 
ujiper limit of travel, M'ould come in contact with the bottom end 
of the stuffing box, thereliyjireveiiting its ever coming entirely out. 

ELECTRIC ELEVATORS 

The most popular form of elevator in use to-day is tliat oper¬ 
ated by electricity, and the general arrangement of machines now 
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in use is that of a worm and gear wheel actuated by an electric 
motor, the gear Vvheel being attached to a winding drum or spool, 
the whole inachine. of course, being bolted to an appropriate bed 


T}late, and the w o r 311 



s li aft fitted with the 
proper form of braking 
a^pparatus for use in 
stopping. 

The motor used for 
operating an elevator 
has to differ somewhat 
from one used in driv¬ 
ing ordinary machinery, 
in that it has to start 
up from a state of rest 
with the load on it, and 
it is a well-known fact 
that ordinary s li u n t- 
wmund motors are very 
weak at starting, henec3 
a modification becanio 
necessary. This was dis¬ 
covered very early in the 
introduction of tlie elec¬ 
tric elevator. 

To overcome this 
difiiculty a very strong 
series field winding is 
used, and this is usually 
arranged in two or tlircHi 

O 

sections, and it sliould 
furnish fidly d(J or 40 j)‘er 
cent of the field excita- 


Flg. 11. Electric Elevator. 

motor, and when the motor is 
field windings are actuated, and 


ticii. The shunt winding 
is made projiortional to 
the ('iitire strength of the 
started, l>uih seritns and shunt 
as fast as tlie motor jiicks up 
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siiflicient speed, one section after another of the series windino' 
is cut out, leaving the motor entirely on the shunt winding wlien 
it has attained normal speed. By this means a regular speed 
under any load is obtained, the series winding being used simply 
to give the necessary torque for starting„ 

The reason tlie series winding is cut out when the motor 
attains normal speed is that if left in ,action the speed of the motor 



Fig. n3. Oiri'cL Connected Electric Winding Engine. 


would vary with tlie load, and tliis would lie more noticeable dur¬ 
ing a descent of the load than when lifting, for it would accele¬ 
rate tlie descent at a rate that would bo constantly increasing until 
tlie end of tlie run. By cutting out the series winding and allow¬ 
ing the motor to nui on tlie shunt only, this is avoided. These 
conditions are lifoiiglit aliout by means of the controller. 

The oiiiees of the controller are varied. It has first to turn 
the current into tlie motor through a certain amount of resistance; 
second, to graduariy cut this out in steps as the motor increases 
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ill use is tliat of a worm a.nd gear wheel actuated by an electric 
motor, the gear wheel being attached to a winding drum or spool, 
the whole macliiiie, of course, being bolted to an appropriate bed 

plate, and the w o r m 
shaft fitted with the 
proper form of braking 
apparatus for use in 
stopping- 

The motor used for 
operating an elevator 
has to differ somewhat 
from one used in driv¬ 
ing ordinary machinery, 
in that it has to start 
lip from a state of rest 
with the load on it, and 
it is a well-known fact 
Xrrr that ordinary s li ii n t- 
wound motors are very 
weak at starting, hence 
a modiiication becamo 
necessary. This was dis¬ 
covered very early in the 
i n trod vie tion of tlie elec¬ 
tric elevator. 

To overcome this 
diixlcnlty a very strong 
series field winding is 
used, and this is usually 
arranged in two or tliree 
sections, and it should 
furnish fully 30 or40 pm* 
cent of the field excita¬ 
tion , The shunt wi riding 
is made proportional to 


c.;': 

wit 

i i; T • 



tlie entire stroiigtli of tlio 


Fig. 11, Electric lillevatoa’. 

motor, and when the motor is started, lioth seritvs and sliunt 
field windings are actuated, and as fast as the motor |)icks up 
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sufiicient speed, one section after another of the series wind in o' 
is cut out, leaving the motor entirely on the shunt winding wlien 
it has attained normal speed. By this means a regular speed 
under any load is obtained, the series winding being used siniply 
to give the necessary torque for starting. 

The reason tlio sei-ies winding is cut out when the motor 
attains nornial speed is that if left in action the speed of tlie moto>ir 



F'ig. 1:3. Conncctod Electi’ic Wiiiiliiig Engine. 


woldd vai’y with the load, and this would bo more n()ticeal)Io dor. 
ing a descent of tlie load than wlien lifting, for it would accele¬ 
rate the descent at a rate tliat would he constantly increasing until 
the end of tlie run. By cutting out the series winding and allow* 
ing tlie motor to run on the Bhunt only^ tins is avoided. These 
conditions are lifought aljout l>y means of tlie controller. 

The oilitans of tlie controller are varitsL It lias iirst to turn 
the current into tlie motor through a certain amount of r(>sistance; 
second, to grad mill y cut this out in steps as tlie motor increasas 
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in speed. At the same time it must gradually cut out the series 
winding in sections, and when the elevator is lowering, it also has 

to take care o£ the short circuiting of 
the armature, which will be explained 
later on. It consists usually of a 
switch for cutting out or breaking 
the circuit and for closing it, making 
suitable connections to the armature 
leads to cause the motor to run in the 
direction required. This switch is so 
arranged that when the circuit is 
closed, it releases an arm or a cross- 
head that drops by gravity and there¬ 
by cuts out the resistance in steps, 

FJg. 13. ControUer for Mechanlal it V moving the contact piece 

Operation, over a number of plates; the speed of 

its descent is governed by the escape of air from a dashpot. In 
some cases, instead of releasing the arm described above, it aetu« 



Fig. 14. <A) Wiring Diagram for Mechanical Controller. 

ates a solenoid which lifts the arm or cross-head, its speed being 
governed in the same manner by the use of a dashpot. The break¬ 
ing of the motor and solenoid circuit is done simultaneously just 
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prior to the stopping of the elevator, aiid wliere the speed of the 
elevator, or tlie weiVht 




L ’' 




of the loads it carries /^\ / ' 

make it desirable, the 

CO ut roller is so con- ........ . 

stracted that when tlie "d; 

line circuit is broken for [y&if ^ 

stopping, wliile tlie ele- ^ ' 

vator is lowering, it cuts ^ ^ 

in a certain amount of I ' 

resistance with the arm- I | 

atnre, causing the E3I.- i 

h\ in the armature to ; 

pass through this resist- cJ > 

the speed of the motor. ' ■‘ir"'- 

This E. AL F. becomes }p 'i I ' w ' 

weaker as the speed of . Lu ^ ||''‘[ 

the armature decreases, l EEM 

until it hnally ceases f 'I ' 

with the motion of the ^ s j| i 

motor. This method of ! 

bringing tlie e 1 e v a t o r I I ' ^ ; ||| ; *' 

motor to a standstill is \ P f / 

used ill all standard . ; } 

‘ .„.|. . t“' 

makes of electric eleva- j 

tors to-day, and lias been Mi 

in use since about 181)5. ^ ! d " 

In. addition to tills, a me- 
clumical l„)ra,ke, oj.ierated 

from tlie rock-shaft of j pJ 

the luachine itself, and I 

also a sejiarate inechaiii- j, 

cal brake, operated elec- ‘ 

irically by'a, solenoid, 

are used. In the case of Plij. Ux EHeotrlc Elevator with orerhcaa Driving 
the latter, tlie solenoid Mechanism. 

is so arranged that it releases the brake when the circuit is closed. 


Fig. 15. Electric Elevator with Overhead Driving 
Mechanism. 
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This inetliod of stopping and starting, just described, is the 
one generally used with a iiieehaiiical arrangement foi opeiating 
the devator; that is to say, with a hand cable or a lever-operating 



Pig. 16. (B) Wiring Diagram ol Contdollor \Mth Sop;u'at<‘ Switch. 

device; the cutting out of the resistance upon the starting oE the 
elevator is purely niechanicalo The ann or cross head on llu^ con¬ 
troller,, which cuts out the resistance in steps, is made to move 

over the contact ]>ieces arrangcMl for this 
purpose, eillun’ hy gravity or by a solciU- 
oid which moves the arm or cross IkmuI; 
for these controllers are madi^ both ways. 
Borne have an arm working at oiu^ (MuI 
upon a pivot, the other end ea.rrying tlie 
ear]>ons ovtM* the contact pi(‘(*(^s; otlun* 
types have it cross hetid which asccmds 
or descends according as gravity or the 

Pig. 17. Circuit Closing Switch. actlou. TllO Cl’OSS 

head always has two sets of contacts. 

The time of movement of the iirm or cross-Lead, as the case 
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may be, is governed by the use of a dasbpot. The earlier forms 
of dashpots were filled wdth a light oil wbicli would flow freely, 
and the movement of the plunger in the dash pot caused the oil to 
flow from one end of the cylinder to the other, through a very 
small opening, which wuis adjustable as to size. The time in 
Mdiicli the arm or cross head passed over the contact plates was 
thus regulated, but it was found tliat the oil was affected I)}/- tem¬ 
perature, very cold weather making it sluggish and thick, and the 
action of the arm or cross head correspondingly slow. Sometimes 
where the oil was of a volatile nature, considerable waste would 
occur from this and other causes, and then upon closing the circuit 
the plunger would move very rapidly until it struck the oil and 
vras brought up with quite a shock, and resistance was cut out 
quickly for two or three steps. This had a bad effect. Some¬ 
times too, the attendant would neodect to 
replenish the dasbpot at all and it would 
become entirely empty; then the resistance 
would be cut out so suddenly as to en¬ 
danger the safety of the motor. To rem¬ 
edy this a dasbpot of somewhat larger di¬ 
ameter was used, having a nieel}^ fitting 
piston, and tlie air in the dasbpot was im¬ 
prisoned, being allowed to escape through 

a minute hole at the top oi- bottom, ac- ,,, weeiric,ppm-atins 

cording to the way the dasbpot was placed. switeii for car. 

The opening being adjustable by means of a screw, tlie arm or 
cross head could be made to pass over the contact pieces at any 
speed desired, the usual time allowed from closing the circuit to 
attaining full speed being from four to five seconds. 

With elevators running at a high, rate of speed, liowever, say 
BOO feet per minute or more, this method of operation was not as 
perfect as could be desired; hence, tliere was devised v'hat is calbnl 
the electric control. This consists of a small switch located in the 
cab. From it wires are run in tlie form of the flexihle eal)le to a 
point midway of the run of elevator, where tlie end of the calile is 
attached to the wall of the shaft, and from that point wires are run 
to the controller. This cable has to convey but a very small 
amount of current, simply sufficient to actuate one or more solen- 
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oids on tlie controller. These solenoids operate the switches which 
make and break the circuit in either direction, the throwing of 
this switch in the cab to the upright or central position, breaks the 

circuit always, and moving 
it either to the rio'ht hand 
or left will close the appro¬ 
priate switch on the con¬ 
troller to run in the direc¬ 
tion desired. This is dona 
by actuating a solenoid on 
the controller, as before 
stated, which closes the 
switch to run the motor in 
the direction desired. The 
cable attached to th is 
switch has to have at least 
three wires, one for the line, 
and the other two for their 
respective solenoids, but 
usually the cables are put 
in with a number of wires, 
so that if anything Iiap})ens 
to any one of those in nse, 
one of tlie dead wires can 
immediately be connected, 
and tlius the necessity for 
replaciiig the entire cable 
is obviated. 

Controllers of t li i s 
description operate in va¬ 
rious ways; in sonu^, tis 
soon as tlie line eii’cuit is 
closed, a solenoid is actu¬ 
ated, which cuts out tlie 


Pig. 19. Electrically Operated Coutrollex*. 


resistance in th© same man¬ 


ner as described as being used for the lever or hand-cable coiiti'oh 
Another form of controller does it in a different manner, wliich 
will be described. 
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The armature is connected with a number o£ solenoidsy each 
connected with a separate step of the resistance, and so arranged 
that they require varying amounts of current to actuate them, and 
the E.M.F. in the armature actuates these solenoids in rotation^ 
the motor being started up at 
first and running slowly, the 
E.M.F, in the armature is weak 
and actuates only the first solen¬ 
oid, which then cuts out the first 
step of the resistance. As the 
speed increases, the E.M.F. be¬ 
comes stronger and successively 
cuts, out through the other 
solenoids, all the resistances as 
the motor attains full speed. 

When the circuit is open for 
stopping the elevator, these 
solenoids all drop back to their 
original position and are ready 
for the next start, and they are 
used to cut out the resistances so. variable 

in either‘direction of the motor. 

The E.M.F., as before stated, is frequently used as a means of 
retarding the motion of the elevator when a stop is desired, the 
most effective method being to introduce a set of resistances in the 
controller specially designed for the purpose. It is arranged on 
some elevators so that the E.M.F. actuates a solenoid whicli ap¬ 
plies the brake, the latter being held off by a strong spiral spring. 
When the circuit is broken, the same movement tliat opens the 
switch, connects the armature wdth this solenoid, and if the elevator 
is running very fast, the E.M.F. being strong, applies the brake 
very hard. As the current in the armature, owing to the slowing 
down of the motor on the application of the brake, becomes weaker^ 
the pressure on the brake becomes less, until finally it ceases en¬ 
tirely, and at this point the other mechanical brake operated by a 
solenoid, whose office is only to release it, is applied permanently 
by mechanical means. With this arrangement, one solenoid slows 
the motor and brings it to a stop, and having attained that point, 
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the other solenoid releases its hold on the brake and allows the 
spring to apply it. 

This latter arrangement, however, of using the E.M.F. to ap¬ 
ply the brake, is simply a roundabout way of reaching the result— 
partly by mechanical and partly by electrical means—and is not 
really necessary; the short circuiting of the armature through re¬ 
sistances in the controller is all that can be desired. 

In many elevators where a variable speed is desired, connec¬ 
tion is made between the armature and a solenoid coiuiected to a 



Fig 31. (C) Wiring Diagram for Tout roller. 

switch which is kept c1os(.‘d except when the solenoid is «a.etuatod. 
This switch closes a circuit between the shunt Held coils a,nd a. bank 
of resistances in the controller, specially d('sigiu‘d for tlio jiurposc', 
and has the eJDCoct of weakening the fields. This causes tlu^ motor 
to run at a greater tluiii its normal speed, so that vnth a. light load 
where the K.IF.F. in the armature is not great, the elevator will 
always start uj) and run much faster than when a full load, or one 
nearly approaching it, is in the cage; for when tln^ grt'jitm* load has 
to be lifted, the E.M.F. in the armature bee<hnes strong enough to 
actuate the solenoid, which opens the switch, thereby cutting out 
the resistance in the fields and leaving tlumi stronger, and the 
speed of the motor immediately becomes slower. This is a very 
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nice device and does its work automatically and is quite reliable. 

The idea of weakening or strengthening the fields of a motor 
to gain or lessen speed is almost as old as the first electric eleva¬ 
tors, but where current is taken from a public supply, or where 
only one elevator is used, it is usually not practicable to deviate 
from the methods above described. The ideal electric elevator, 



.Fig. 23, (D) Wiring Diagram of Controller witli Solenoid Cut-outs. 

however, is one where a separate dynamo is used for supplying the 
fields and one for the armature. A field regulator connected with 
the dynamo supplying the fields can be placed in the cab, by means 
of wdiich the operator can weaken or strengthen the fields of the 
dynapio supplying the curi*ent to the fields of the armatiix'e driv¬ 
ing tlie motor. By this means a great variation in speed may be 
had. But while fairly economical in its operation, it is a plant 
that is expensive to install, and though it has been done in a few 
instances, there are not many of this type of elevator in existence. 

ELECTRIC LIMIT SWITCHES 

It was found in operating electric elevators that more space 
was needed between the cab and the overhead sheaves at the upper 
part of the run, and that a deeper pit was also required at the 
bottom of the run on account of the occasional slip of the brake. 
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For frequently, altlioiigh the mechanical, automatic or limit stop 
on the machine would break the circuit and apply the brake near 
the end of the trip, there wei’e cases—for instance when the empty 
cage was required to ascend at full speed and the brake had be¬ 
come slightly worn and did not grip as firmly as usual—that the 
cage would go beyond the landing, and the additional space men¬ 
tioned above was required to prevent a collision. This also hap¬ 
pened sometimes at the lower end of the run when an extra heavy 
load \vas descending. A lack of care on the part of the operator in 
breaking the circuit in sufiicient time, or the causes ]ust mentioned, 
would cause the cage to run down to the bottom and bump. To 
avoid this, as an extra measure of safety, switches are sometimes 
placed at tiie extreme limit of the run, the line wire being carried 
up the hatchway through the switch and returned. 

These switches are opened by the car automatically if it 
should pass a certain point, and the opening of this switch breaks 
the circuit and at the same time applies an extra strong emergency 
brake. The switches are operated by means of cams attached to 
the cage. 

MISCELLANEOU5 ELECTRIC ELEVATORS 

Thei*e are one or two other types of elevators that have ])een 
more experimental than practical in tlieir nature, which will bo 
mentioned here. One of them, the Pratt-Sprague, consists of a 
long screw running horizontally in bearings at cither end, which 
is driven directly by a motor placed at one end. The screw runs^ 
in a nut having a cross head, wLich travels on guides horizontally, 
the same as the cross head of a horizontal hydraulic, and is sup¬ 
plied with sheaves on either end. The construction of the macliim^ 
is such that a double set of traveling sheaves and ahso fixt*d sheavtss 
is necessary. The cables are rove over these sheaves similar to 
the method descri])ecl fur the horizontal hydraulic, and the motor, 
of course, is reversible. 

One of the ])rincipal features of this typo of macliine was the 
construction of the nut which traveled on tliia large screw. It 
was supplied with steel balls on the pull side of the screw, and they 
ran close together in single file through a channel, wdiich carried 
them around through the threads of the nut and caused them to 
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return to the other end of the same after they had passed through. 
Of course, there had to be so many of them that they completely 
filled the channel from one end to the other, and it was thought 
that their use would reduce the friction to a minimum. It was 
found, however, in practice that they would get flat spots on them 
and cease revolving, and where they did this they would cut grooves 
or scores in tlie thread of the screw, which latter was a serious 
matter. They are very prone also to become deranged, and their 
operation was not as economical as had been anticipated. 

Very few of these elevators are in use at the present time. 
The controlling device, however, was quite novel and the operation 
of the cage very agreeable and pleasant. The control of the motor 
driving this screw was effected 
by means of a small pilot motor 
operated in turn by means of 
push buttons in the cage. 

Another type of elevator 
was that devised by Mr. Fraser, 
of California, the driving mech¬ 
anism of* which consisted of 
two motors sot one above the 
otlier. They were necessarily 
slow speed motors, and each one 
had upon, the armature shaft 
sheaves of a])out 20 iiiches di- 
atneter. The motors themselves 
ran at a speed of a])out 420 
r.p.m., and the cables wore so 
arra,nged as to form a double 
biglit or loop below, in each of 
wliich one of these pulleys on 
the armature shaft ran as shown 
in the accom])anying illustra¬ 
tion. The iqqHn’ ropes of the cables had sheaves carrying them 
and running in a frame, to one of which was attached the car 
cable, and to tlie other the counter])oise cables. These motors 
ran in opposite directions, and in the cab were placed rlu^ostats for 
weakening or strengthening the fields. By this means the speeds 
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of the motors could be varied* By reference to the diagram 
illustrating this description, it can readily be seen that when both 
motors were running at the same speed, no motion of the car was 
obtained, but by varying the speed of either motor the car would 
run at a speed ecj^ual to half the difference of the two motors. No 
reversing apparatus was needed with these motors; they ran con¬ 
tinuously in one direction, the motion of the car being gotten 
entirely by the change in speed, and the most desiralde stops and 
starts were obtained. But the machine was very sievere on the 
cables, so destructive in fact that they had to be renewed fre¬ 
quently; and taking it altogether, it was not found as desirable a 
machine as had been anticipated, either from thejioint of economy 
or maintenance, but results in operation were all tluit could 1 h‘ 
desired, including the speed attained and Hiiiootlmess of stops and 
starts. 

ELEVATOR ACCESSORIES 

An elevator is really a vertical railway, but dillers from ont* 
running on horizontal rails in that it does not iiso wlieids, but 
slides on its track, and in order to avoid friction as muMi as pos¬ 
sible, the cage should bo hung centrally. Tlio rails us<*d for the 
Caere to travel on arc, in the more common types, usmilly of wood, 
hard maple being the material mostly adopted, and it is kt*pt con¬ 
stantly lubricated with some form of grease. The giiides ways 
after some weeks’ use become rough and dry from various causes, 
principally from tho rubbing off or evaporation of some of th<^ 
component parts of the grease, and also from the aeeumulation of 
dust, which sticks readily to the lubricant. They tluui have to 
cleaned off and rolubricated, the object being of course to k<'ep 
them as smooth and free from friction as possil>h‘. 

Great care has to l)e taken wlum installing them to Iiave llumi 
in perfect alignment and tho joints very e>vt‘n; and ma[)lt% being n 
wood that is ])rone to warp, has to bo put on in short the 

usual lengths being about four feet. The ends of these guides ar<^ 
tongued and grooved to lit into one another, and wliore the giu<le 
posts, to which tlu‘y are attacln‘d, are made of wood/they are fast¬ 
ened thereto by means of appro[)riate lag screws, duumds of which 
are recessed into tho face of tho guides. The shoes on tho cage 
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which run on these guides are usually machined to ht, and are 
made as smooth as passible at their faces of contact. 

The device generally used for stopping the cage in case of a 
sudden descent, caused either by the breakage of the cables to 
which the car is suspended or by the derangement of any part of 
the machinery, is a pair of dogs, one placed in each guide.shoe 
beneath the car on opposite sides. These dogs are in the fonii of 
an eccentric, the outer 
face of which is supplied 
with coarse teeth, which, 
when the doo' is revolved 

o 

on its axis, come in con¬ 
tact with the u i d e 

o 

strips; and as these teeth 
enter it, the descent of 
the car causes a furtlier 
j>artial revolution of the 
doas, so tliat the auides 
become tig b t e r and 
tio-hter as the car de- Eceenti-Io Safety Dog. 

scends, and bring it to a stop. This operation takes much less 
time to occur than it does to describe it here, the fact being that 
after the dogs begin to catch, the car descends but a very few 
inches before it is brought to a dead stop. 

These dogs were originally used in connection with a spring 
for throwing them; hence wdien they acted at all they acted very 
quickly and before tlie platform had gained much liead\vay, and 
while this was quite satisfactoiy in a slow running elevator, it was 
foxuul to bo quite objectionable w'ith elevators of high speed—-the 
sudden stopping producing a severe shock to the occupants of the 
cage—and moreover there were many cases wdiere the elevator 
w'oiild descend rapidly, and the dogs failed to act, because tliey de¬ 
pended on the severing of the hoist cables for their action. They 
were o])erated by a spring which, being held in tension by the 
weight of the cage on the lioisting cable, w^oiild never act while that 
tension existed, lienee, if the cables were to break at or near tlie 
drum of tho machine—the machine being located in the basement 
—these cables had to pass from the drum up and over sheaves at 
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the top of the hatchway and it would require considerabl'e,power 
to drag them over these sheaves. This would be sufficient in itself 
to hold the spring out of action. 

With the introduction of the safety governor, however, this 
trouble disappeared. The governor is a revolving sheave having 
within its rim dogs or arms set upon pivots and held in place by 
means of strong springs, either spiral or fiat. These springs are 



35 AiTuugcmoufc tor Tlirowiug Safety Dogs 

SO acl jnst(‘d that the normal speed of the elevator does not ailect 
either them or the dogs, but should the speed of the eUwator ex- 
coed the normal by a])out 35 per cent, the centrifugal force exerttMl 
by these dogs, which are weighted somewhat, will overeomt^ tlu^ 
tension of the springs, and they will fly out beyoml tlie rim of the 
sheave, catching on a statul in which the sheave runs aind stof)j)ing 
its revolutions entirely. 

[Now this sheave has a V-shaped groove in which rums a 
manila rope about ^ inch in diameter. One end of this ro])e is 
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made fast to a lever on the top of the cage, which operates the 
safety dogs, the other end is carried down the hatchway and around 
another sheave at the bottom and back again up to the cage, where 
.it is attached at some convenient point, usually to an arm placed 
on the stile for that purpose. This sheave, which runs in the 
bight of the governor rope, is in a frame, which runs on guides 



b'ig. 30, Diagram of Safety Governor 

and has a moderately heavy weight attached below it which serves 
tlio double ])urposc^ of keeping the governor rope taut and of tak¬ 
ing uj) or com])ensating for the stretch of the rope. It also gi\^es 
the ii(H*. 0 BHary tension for driving the governor, and when the 
sheavi^ in its revolutions throws out the dogs and stops itself, as 
before <loHcrib(‘,d, the V groove in the sheave grips the governor 
rope tightly and tluu'oby pulls on the safety lever on the cage and 
throws in the safety dogs. It can be readily seen that with an 
a])pUanco of this kind, the cage would have to descend quite a 
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distance before its speed would increase sufficiently beyond the 
normal to actuate the governor, and for this reason the style of 
safety dog described above, which was the first form introduced, 
was very Objectionable, on account of its sudden stopping of the 
cage at the high speed it had attained by the time the dogs were 
thrown in. Therefore a modification of it was introduced in the 
form of a chisel, which, instead of catching into the guide strip 
as suddenly as the eccentric dog, would plane it out for quite a 
length, only entering deeper after the car had descended some 
little distance aud thereby bringing the cage to a more gradual 
stop. 

The form of safety governor described ahiove is the one now 
in general use; the earliest form, however, diifered slightly from 
it, being a governor having arms with balls on the ends, and re¬ 
volving horizontally. The same method of driving it, liowever, 
was used, except that this governor was placed on the cross beam 
of the cage and threw the safety directly itself. 

A still earlier form of this type of governor was used at the 
top of the hatchway, many years ago, hut not driv^en by a ro[K‘. 
In the case here referred to, drums were used at the toj) of tlu^ 
hatchway, and separate cables from the hoisting engine were run 
directly to the drum overhead, terminating tliere. Other cabh‘s 
were run from that druin down to the cage, so that there was a 
constant winding of one set of cables on tlie drum and unwinding 
of the others, according to the direction the elevator was going. 
This drum had on its axis a gearwheel, which drove the governor, 
and the governor, in that case released a very heavy weight placiul 
on the end of the lever. The dropping of the weight appruul a 
powerful brake to the rim of the drum. This style of governor 
is not much used at the present time. 

With the introduction of higher speeds in elevators a guides 
post and guide combined in one, and made entirely of was 

devised and used, aud it is in use to-day with all the high-elass 
elevators; but its introduction, while giving greater smoothness of 
operation and offering many advantages that the wooden guide 
did not possess (that of remaining in alignment and consequently 
giving smoother action being the principal one), caused the neces¬ 
sity for a different form of safety than the eccentric or chisel dogs, 
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before described, whicli were not applicable to this form of guide, 
hence a new device had to be introduced- This was in the form 
of a powerful pair of nippers placed below the car, one on each 
side. The inner ends of these nippers on being forced outwardr 



caused the jaws of same to grip the steel guides wdth tremendous 
force, but the means of Ji]>plying tliem being gradual tliey did 
not stop the cage suddenly but allowed it to slide several feet, 
bringing it gradually to a stand. 

Tlie form of governor used to actuate these safeties is similar 
to that described above. The pulling of the governor rope causes 
tJie release of a very ]) 0 werful coil spring under tlio car, which 
forces the dogs into action. There are several forms of this de¬ 
vice, hone of them differing materially, except in the method of 
apjdying the power to grip the guides, one or two of thorn dis- 
pcmsing witli tlu^ coil spring, before mentioned, and using a 
powerful screw an<l knee joint. The screw is operated by the end 
of tlu^ governor ro])i\ which is coib^l several times around a spool 
or barrel on the body of the screw. The governor rope h gripped 
by tlio governor, and the desceiit of the car uncoils the governor 
rope off the spool, which is made to revolve, and, being attached 
to tlio screw, causes it to revolve. This action causes the knee 
joints to fon^e the long end of the nippers apart, the short ends 
gripping the guides pow^erfully. 

Another point in which the elevator differs from the hori; 2 oii- 
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;al I'ailway is that in moving a load on an elevator the force of 
gravity has to be overcome as well as that of inertia. Hence, it 
s found to be economical to counterbalance the cage, and for that 
reason slides very similar to those on which the cage travels, but 
lighter in construction, iiave to be provided, in which a counter¬ 
poise weight travels. Sometimes more than one of these counter¬ 
balance weights are used, in some cases running in separate slides, 
in others, varying with the conditions, with each weight having a 
slide to itself. 

When a counterbalance weight is used, which is attached 
directly to the cage, it can never be as heavy as the empty cage 
by several hundred pounds, depending largely upoTi the lieight of 
the building and the number of cables attached, for when the cage 
is at the top of the run, these cables hang over on the opposite 
side of the sheaves and have the effect of further counterbalancing 
the cage. The weight of the cage itself must therefore he greater 
than the combined weight of these cables and the counterbalance 
weight, otherwise, the cage would not descend when empty. 
When it becomes necessary to have the counterbalance weight 
fully as heavy as the empty cage, or, as occurs in iiiaiiy instances, 
it is required to be greater than the cage, this counterbalance 
weight has to be attached by means of cables running over slieaves 
at the top of hatchway to the opposite or back side of tlu^ hoisting 
drum. Where a cage is large and consequently quite heavy, the 
attaching of a counterpoise to the cage itself, as well as to the retir 
side of the hoisting drums, is done as a means of 2 -elic‘ving Uie 
hoisting cables of a part of the weight they have to ca»rry, and 
this adds to their durability and safety. 

In the case of the electric elevator the ovcr-eountorhalancing 
of the cage is found to be quite economical in this way. An (esti¬ 
mate is made of the average load which the elevator has to lift in 
its daily service, and it is over-counterbalanced to about ihm 
amount, the result being that, with the average load, the only |)Owtw 
to be exerted in moving it will he that necosHaiy on account of 
the friction of the machinery. For instance, it may be estimaUd 
that the average load of the elevator will bo 600 or t>l)() j)ounds, 
although it is built to lift say 2,000 pounds. Tf it is overweighted 
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this amoantj it will be on a balance with tbe average load, and the 
amount of power required to move it will be a minimum. 

This arrangement is found to give very good results as to 
economy in operation, but of course in order to get the very best 
results the cage should be built as light as possible commensurate 
with tlie requisite strength and stability; for if the cage is made 
unnecessarily lieary and it has to be counterbalanced equivalent to 
its weight, lliero is that niiicli heavier body of material to start and 
stop eacli time the elevator is operated, and there is that inueli 
greater inertia to overcome, which consumes powei*. The neces¬ 
sity, therefore, of building everything as light as possible will be 
readily seen. 

AVhere two counterbalance weights are used running in one 
slide, it should be an invariable rule to place the heavier weight, 
wliich is always that one attached to the rear side of hoisting 
drum, h(‘low the one attached directly to the cage, for there is a 
liability at times of counterbalance weight cables breaking, the 
same aw tlierc is with hoisting cables. Should this occur with the 
drum or heavier weight above the cage weight, the consequences 
would bo diBastrous, for combined they would weigh considerably 
more than the cage, and in falling would rush it upwards to the 
top of tlu* luitchway at a great speed, provided of course that the 
(*ables by which the car weight was attached did not give way. 
"VYhero the cables of the lower weight pass the upper weight, 
the latter is usually slotted throughout its whole length to allow 
their passage,. 

The best form of counterbal’ance weights used at the present 
time in c^hwiilors is made in sections so as to be readily changed 
or a<ljustc<l when desired. They consist of a lioad and bottom 
weight, which are usually provided with suitable guide shoes to 
run on the slides, and between them are sliorter w^eights, w^hich do 
not loiuili the guide, and wliich are called subweights. The whole 
numben* of weights are held together by means of strong iron rods 
with double nuts at either end. These pass through holes cast in 
the nj)per and lower sections of the weight, and the intermediatt^ 
or subweights arc held in position on these rods by means of 
grooves in their ends, which fit over the rods, the whole being 
clamped together firmly by maana of the nuts just mentioned. 
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Sometimes, where the counterbalance weight is necessarily very 
long, a middle weight with guides on it is inserted, through which 
the rods holding in the subweighta pass, thus giving it greater 
rigidity and safety. 

A very important part of the elevator is the overhead sheaves 
and bearings. In the earlier forms of elevators, these bearings 
were set on wooden beams overhead, passing across the hatchway 
in the proper direction to let the cables drop where required. In 
later years, howevei’i, general practice seems to lean to the use of 
steel I-beams for this purpose, and they are certainly much safer 
in case of a fire occurring in the building. It frequently happens 
in case of a fire that the elevator is one of the principal means for 
getting people out of the building, and where these beams are of 
steel there is no doubt as to their gi’eater safety under such condi¬ 
tions. The sheaves should always be as large as can possibly be 
used under the circumstances,—never less in diameter than the 
drum around which the cables wind—and the rule usually adopted 
is that the sheave should be at least 40 times the diameter of the 
cable which is to run over it, and as much larger than that as the 
conditions will permit. It is also very important that the score 
of these sheaves should fit the cable very well, otherwise, with 
heavy loads the latter becomes distorted, and even under the best 
conditions the wear of the cable will be rapid unless lul)rictited. 
For this purpose, there is nothing better than raw linseed oil ap¬ 
plied with a brush, and it is very much improved in iisefuliK^.ss if 
a small quantity of the finer quality of plumbago be mixed with it. 
This material when unrefined is full of grit, and is put on the 
market in this condition for use as facing for moldings in foun- 
dries. It is very essential that this kind be not used, for the pres¬ 
ence of the grit will have exactly the oppposito effect to that in¬ 
tended, After the plumbago has been carefully freed of all the 
grit it contains, it is a very good lubricant and in this condition it 
is very serviceable, both for the purpose just described and, in con- 
nection with grease, for the slides. 

CABLES 

Should the wires of the cables used in hoisting bo run per¬ 
fectly parallel to one another, they would not only last longer but 
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they cotild be subjected with safety to a much greater strain, but 
that is found to be impracticable with running ropes, hence they 
have to be twisted, first in strands of 19 wires each, then six of 
these strands are twisted together around a center or heart made 
of hemp. The object of this arrangement is that in working over 
the sheaves the wires may rub on something softer than them¬ 
selves and not abraid, for the parts of a hoisting cable when in 
use undergo many changes in position. For instance, wdien pass¬ 
ing up the hatchway, the parts remain normal or as they were 
wdien made up, but when they come to the sheave the strands 
necessarily change positions slightly, being bent in a circle, and 
after passing over the sheave and down on the other side they 
change again to nearly the original position. As they are twisted 
around one another, dilferent parts of the same cable change their 
relative positions quite frequently, for their very shape—being spi¬ 
rally wound around one another—causes them to I’oll slightly in the 
grooves of the sheave, and they do not always fall into exactly the 
same position when they return. Hence, the absolute necessity 
for some sort of lubrication- This change of position or twisting 
of the cables has made it advisable in cases where a large number 
of cables are used together (say for instance four or six cables run¬ 
ning over one sheave) to use tlioni alternately of right and left 
liand lay, the meaning of wdiicli is that some cables are twisted 
right-handed and others left-handed, and by using them alter¬ 
nately iji this wnj they servo to correct the action of each other 
and prevent many minor troubles that will occur when laid u]) 
alike. 

The scope of this article will liot permit going into details 
r<ilativ(^ to tlio ])roper fastening of the cables, whicli is a very im¬ 
portant feature, but wliich is really in the hands of the elevator 
eonstmetor, and with which the attendant has little to do. 

The journals of the gudgeons or shafts upon which the 
sheaves revolve should always be of soft strong steel and of ample 
diameter, and the boxes in wliich they run should bo lined with a 
very good quality of babbitt, and should be provided with good 
lu])ricating facilities. Tliey are parts of the elevator that are 
neglected perhaps more than any other. Being at the liighest 
point and out of the way, they are very seldom noticed, but at the 
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same time too much emphasis cannot be placed upon the absolute 
necessity for properly attending to this important feature of the 
machine. 

The operating cable, owing to the impossibility of following 
the rule laid down for the hoist cables regarding the diameters of 
sheaves, is usual to make of a much finer wire, and the number 
of wires to a strand is also greater. It is usually that kind of 
wire rope which is termed tiller rope, and is soft and flexible. 
The diameter is almost invariably ^ inch, except in cases where 
the lever device is used, when the necessity for a rope of that size 
does not exist. The -l-ineh diameter is used principally because 
it is convenient for the hand, and it is seldom that a larger sheave 
than 12 inches is found practicable, but in any case, whether for 
hand cables cr hoisting cables, iron ropes should always be used. 
It is true that a steel rope has a greater tensile strength, but the 
bending over the sheaves causes it to crystallize much more rapidly 
than an iron rope does, and it will consequently commence to 
crack sooner. The very best iron for this purpose is either Swed¬ 
ish or charcoal iron, which are very nearly pure, exceedingly duc¬ 
tile, and will stand the bending and straightening for a much 
greater length of time than a steel rope. 

Wire cables have, in some instances, been known to run with¬ 
out fracture for eight, ten, and even twelve years, but Ithero are 
very few in constant use that last more than three or four y( 3 ars. 
Some do not last longer than two years where subjected to con¬ 
stant and severe service, and in any case they should, on general 
principles, even if showing no outward signs of deterioration, be 
changed for new ones at the end of five years, under tho most 
favorable circumstances. Cracking occurs very gradually and can 
readily be detected long before it actually occurs by the extericu' 
appearance of the rope, hut there are many cases wluu’o rop(‘s 
crack inside before they do on the outside, and this can only be 
discovered by getting the rope entirely slack and slightly untwist¬ 
ing it so that an examination of the interior can be made. Hold¬ 
ing one’s hand gently on the I'ope while it is running will fre¬ 
quently detect a cracked wire if it be on the outside, but an ex¬ 
amination of this kind must be carefully made to bo of any serv¬ 
ice. 
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In regard to sheaves, sometimes an arm will crack through 
an undue shrinkage strain brought about possibly in some cases 
by disproportion in the design, or by unequal cooling in the foundry» 
In such cases the crack usually opens quite wide, but where it 
occurs from undue shock or Jar, the fracture may occur and re¬ 
main closed, so that it is not detected. Still the sheave is unsafe. 
Usually this can be perceived by care on the pai't of those in 
charge, for when the arm containing the fracture is in such a 
position that it is not subjected to the strain of the cable running 
over it, the crack, however minute, will open slightly, and it is 
liable to absorb or take in a minute portion of the oil which is 
generally on the sheave and which runs down from the Journal 
boxes. This arm when it comes around to that point where it is 
subjected to compressive strain will force the oil out of the frac¬ 
ture in tlie form of a small line projecting above the surface of the 
sheave. It requires a sharp eye to detect this, but it can be seen 
with care, and many a possible accident has been avoided by the 
acuteness of the attendant in this respect, ft is here mentioned 
for the benefit of those readers who may be in charge of elevators. 

AIR CUSHIONS 

About 1878 Mr. Gray, of Cincinnati, conceived the idea of an 
air cushion as an extra means of safety for elevators, and obtained 
the first patent for a device of this kind. The air cushion con¬ 
sists of an extension of the hatchway below the lower landing, and 
is in the form of a strongly enclosed air-tight chamber open only 
into the hatchway above. The guide posts are run down into this 
hatchway and the cage is made to fit it rather closely. This is 
usually done by fastening stinps of thick rubber or leather below 
the floor of tlie cage, and allowing them to project to wiihin about 
inch of the sides of the air cushion. Now in case the cage should 
i)roak loose from the cables, it will descend until, having entered 
this chamber a certain distance, the air contained withii the cham¬ 
ber is compressed stilSciently to resist the further descent of the 
cage- At this point it begins to escape through the margin left 
all around the sides and the speed of the cage^s descent is retarded 
until it sinks gradually to the bottom of the chamber^ without 
shock or Jar. 
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The margin all around the cage for the escaping of air is a 
very essential feature to the success of this device. Many errors 
were made in some of the earlier forms of this device, owing to 
this feature not being well understood, for it is quite possible, 
where the air is confined too closely, to stop the cage violently; in 
fact, this will be the effect if the air is not allowed to escape. On 
the other hand, if too wide a margin is left, the effect desired will 
not result. Great care has to be exercised to have the chamber 
forming the air cushion air tight, strong enough to resist the 
strains that will be brought to bear upon it, deep enough to enable 
the car to come to a stop gradually, and to have the air space 
around the car just right to allow the air to escape in sufficient 
quantity to prevent a shock, and at the same time not fast enough 
to allow the car to drop too quickly after it enters. 

The usual depth of the air cushion is about 8 or 9 feet and 
the space or margin left between the cage and sides of air cushion 
is from g to inch. Some modifications are usually made after 
the work is finished by dropping the cage from a moderate height 
and noting results, before allowing it to drop the full extent of the 
run. This is an experiment that should not be performed by in¬ 
experienced persons, for accidents have frequently happened even 
to men thoroughly experienced in the business. 
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PRACTICAL PROBLEMS IN CONSTRUCTION 

By 

Sidney T. Strickland, S. B., Mass. Institute of Technology, 
l^cole des Beaux Arts, Paris 

Charles H. Rutan, of Shepley, Rutan & Cooledge, Architects, 
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Introductory. The following problems have been solved with 
the aid of such books as are generally found in the offices of any 
Architect, Engineer, or Builder—^namely, Trautwine’s Engineer's 
Pocket-Book, Carnegie's Handbook on Steel for 1903, and the Build¬ 
ing Laws of Boston and Chicago. All stresses in tons are of tons of 
2,000 lbs. In solving the majority of the problems, the stresses 
allowed by the Boston Building Laws for 1907 have been used. The 
building laws of other American cities may allow different stresses. 
Also, the (|uestion of the factor of safety is one that must always be 
carc'fully considc'rcd. In using the tables of any steel or other hand¬ 
books, the hrst thing to be noted is whether 1h(‘ values given are ulti¬ 
mate (breaking loads) or safe loads. In figuring for cast-iron columns, 
one meets with a great variety of tables where the safe loads may vary 
(‘onsiderably, due in most part to the factor of safety employed. For 
(‘xample, the factor of safety for cast-iron columns in the Boston Build¬ 
ing Laws and in Trautwine, is G; but in Carnegie's Handbook it is about 
10. In the following solutions the weight of a ciilnc foot of hollow 
terra-cotta blocks, three-quarters of an inch thick, has been taken as 
54 lbs. That is the weight of the average terra-cotta employed in 
New York and Boston; but there arc better grades that weigh much 
more. It is the part of the engineer to bear in mind these differences 
and study out the pi'operties of the building materials of his own 
locality. 

Abbreviations: 

Oarnegio 11.B. ~ Carnogio's Handbook or Tables, 1903; 

Length; 

r Least radius of gyration; 
lbs. pounds; 
diani, «* diameter. 

The first 12 questions are based on Plate I (a, 6, and c). 
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CONSTRUCTION EXAMINATION, 1903 
RotcU Travelmj^ Si-holtirship 

Part of an UuUding Erected in Boston, Mass. Scale, H I»cli = l Foot. 
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OONS^PKCJCTK^N EXAMINATION, 1908 
Rotoh S<*holarKhti) 

i’ttx'l- of an Office Building liiroctoa in Boston, Mass. Scale, % Inclx =» 1 EooU 
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GENERAL CONSTRUCTION PROBLEMS 

Pi'oblem 1 AVliiit is tho live load rcqmied jioi S(iii{uc‘ foot for office 
buildings? 

.R/6*ir£’r. Most building laws require 100 lbs. per sq. ft. for live 
loads in office' buildings. 

Problem L*. What is the weight pc** Mpian* foot oi materia 1 composing', 
the floor? 


Ath^icer. 

51 lbs pt‘rs(i ft 

for 12 111 

of toi*ra~cot.t.a. 

11 ... 

“ 1 - 

concrete 

^ (i t, i. >. 

it 

“ siiruce plank. 

^ it t( it tt 

ct 7 

maple flooi 

.1 ki (i .1 

» << 

1 

“ plastei and \\ ood lath, 

10 “ '' 

steel frame m floor 


90 lbs. weight of materials. 

All floors, thc'refore, should be calculated for 190 lbs. per sq. ft. 
for live load and weight of materials. 

The following are thc^ assumptions on which the above figuring 
is based: 

Wc'ight of a (Uibic foot of <(‘rra-eotia 51 lbs, wlu'U made' in hollow 
blocks with /-inch webs. 

Weight of a cubic foot of concrete, 140 lbs. 

dry spruce, 25 lbs. 

'' maple, 49 lbs. , 

“ plaster (hard mortar), lOa lbs. 

Problem Jh What is tho weight per sq. foot of J~inch trn'ra-colta 
partition plastered both sides? 

Annwer. As a cubic fool of terra-cotta weighs r>4 lbs., four 
inches, a foot sejuare, weighs 54 3 = l(Slbs.; and a. sip foot of 

f)artition plastered on both sides will weigh IS -f- 2 >: 7 (wt. of 'I in, of 
blaster per s(j. foot.) = 32 lbs. 

Problem 4. What is the weight per cubic foot, of brick wall^ 

Answer. Ordinary brickwork weighs 112 lbs. per cubic foot. 

Problem 5. What is the tensile strain on tho 5th story susjionsion bar 
marked No, 3 on drawing (Plato 16)? 

Answer. The surface of the two floors carried by the suspension 
bar -2X12X14 = 330 sq.feet; with a total weight = 330 X 100 
(wt. of sep ft. of floor with live load) ~ 63,840 lbs. 
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The surface of the 4th and 5th floor partitions (doors not taken 
into account) = 22 (length of partitions) X 21 (total height) = 462 
sq. feet; with a weight = 462 X 32 (wt. of a sq. ft. of plastered par¬ 
tition) = 14,784 lbs. 

63,840 lbs. wt. of floors. 

14,784 ‘‘ partitions. 

78,624 lbs. Tensile strain on suspension bar No. 3. 

Problem 6. What area of steel is required to safely sustain the load, 
and what shape of metal would you use, at suspension bar marked No 3? 

Answer. Assuming the safe tensile strength of steel at 16,000 
lbs. per sq. inch: Dividing 78,624 lbs. by 16,000 gives 4.91 sq. inches 
of metal. Adding .65 sq. inch for a row of -J-in. rivets makes total 
metal area required = 5.56 sq. inches. The properties of angles are 
found on page 111 (Carnegie H. B.); and for an area of section of 5.S1 
sq. inches we find an angle 5 X SJ- X J inch which will safely sus¬ 
tain the load. 

Problem 7. What is the load on the 3d story column marked No. 5? 

Answer: 

5 Iba. per sq. foot for 3x3-in. angles. 

3 metal lath. 

11 Uin. slate. 

18 l-in. book tile. 

7 “ plaster. 

40 '' ‘‘ snow load. 

84 lbs. wt. of vsq. foot of roof, with snow load. 

The surface of the roof = 24 X 12 = 2(SS sep feet; with a total 
weight == 288 X 84 = 24,192 lbs. for the portion of roof to be carried 
by column No. 5. The total floor surface to (*arried (1th and fith 
floors) = 2 X 10 X 12 = 240 s<{. ft.; with a total weiglit - 210 X 190 
(wt. in lbs. of a sq. ft. of floor) = 45,600 llis. for floors. 

The exterior wall surface, for the 4th and 5th floors == (2<S X 12) 
— (15 X 7) = 231 sq.'ft. of brick wall (where 15 X 7 — the sep ft, 
of window opening). Multiplying this surface by the thickness of the 
wall, 1 foot 4 inches, or 1 } ft., gives 1X 231 ~ 308 cubic ft. of 
brickwork; which weighs 308 X 112 lbs. (wt. of a cubic ft.) — 34,496 
lbs. The surface of wall plastered =12 X 21 — 105 (sep ft. of win¬ 
dow opening) =147 sq. ft.; with a weight of 147 X 7 (wt. of a s(p 
ft. of plaster) == 1,029 lbs. Therefore the total weight of outside 
wall of brick, plastered on one side, = 34,496 + 1,029 = 35,525 lbs, 
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5,000 lbs., wt. of girder. 

24,192 roof 

78,024 “ carried by suspension bar. 

45,600 of floors earned on wall 

35,525 “ wall. 

188,011 lbs. Total weiglit icsting on column No 5 

Problem 8 What size, weight, an<l aieii of steel channel column is 
re imred to carry the load on the 3d story column marked No 5 (Plate I h)7 

A7mrcr. Dividing 1SS,941 lbs. by 2,000 gives 04.47 tons as the 
load to be carried by column No. 5. A table of safe loads for channel 
columns is found on page 137 (Carnegie H. B.). Opposite a length of 
1() feet, or under, for S-lb. channels, we see that a safe load of 94.6 
tons will be carried by a 6-in. channel plate column. Size of plates 
I i X S inches. Weight, 53.4 lbs. per ft. Area of cross-section = 
15.76 sq. inches. 

Problem 9. What size beam box girder, plate girder, or box girder 
is required in the second story floor marked No. 7 (Plate I, a and 6)? 

A?iswcr, First find the load to be carried by the girder, which is 
composed of one-half the weight of the 3d floor, one-half the weight 
of the iiK'Zzaninc, the weight of the partitions (all the above are con¬ 
centrated), and the uniformly distributed load of the 2J floor. 

The surface of the 3(1 floor, carried by girder == 24 X 12 = 2SS 
s(|. ft.; with a total weight — 28S X 190 == 54,720 lbs. The surface 
of the mezzanine, carried by girder = 12 X 12 ^ 144 sq. ft.; with 
a total weight == 144 X 190 = 27,300 lbs. The surface of the par¬ 
tition = 23 X 12 = 27() stp ft.; mth a total weight = 276 X 32 
(wt. of a sep ft.) = <S,y32 lbs. 

51,720ll).s. 

27,:’»<)() 

K,s;j2 

90,012 Ujh. 'rotal concentrated load on girder. 

The surface of the 2d floor, curried by girder == 40 X 12 = 480 
sq. ft.; with a total, weight, uniformly distributed = 480 X 190 == 
91,200 lbs. 

The safe load for a single unsymmctrical coiicentratea load = 

P 

tliat given in Carnegie tables X where Z = 40 ft,, total length • 

of girder; a =24 ft., distance between load and right-hand support; 
and i> = 10 ft., distance between loatl and left-hand support. 

(lov^ 1,000 

S X 21X 10 "" 3,072 
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Or we may multiply the concentrated load by 3,072, which is 

= 1.92; and it will give the load for which one must figure— i.e., 
90,912 X 1.92 — 174,551 lbs. for concentrated load. Adding this 
to the uniform load of 91,200 lbs. gives 265,751 lbs., or 132.<S75 tons, 
as the total load for which the girder must be designed. A table of 
safe loads for box-girders is found on page 162 (Carnegie H. B.). 
Increasing the thickness of the flange plates inch allows an increase 
of 5 X 6.12 (tons) == 30.6 tons over the 106.7 tons, for a 40-foot spaii 
given in the tables; or a safe load of 106.7 + 30.6 = 137.3 tons can be 
carried by a girder of the following dimensions: 

36x^ in Web plates 
24x^ in Flange plates. 

4x3jX-i iu Angles. 


Prohlcm 10 What is the load- 


90,012. LW 


k—is- 




Uniform Load 91,200 lAs* 


NaS 


Nc.6* 


Pig. 1. Loaded. Girder 


lO concentrated load = (90,912 X 

Total reaction at No. 8 ~ 54,547 + 45,600 
Total reaction at No. 8^ = 36,305 + 45,000 


-reaction—at the end of girder over 
the first story at end marked No. S 
tFig 1), and at end marked No. 8^? 

.. inswer. The reaction at No. 
8^ and No. 8 due to the uniform 
load of 01,200 lbs. - 4r>,(;0() lbs. 
The reaction at No. S, duo to the 
concentrated load of 00,912 11 »s. 
- (90,912 X 24) ~ 40 - 54,547 
lbs. Tlie reaction at No. <luc 
16) 4- 40 - 3f>,365 lbs. 

100,117 lbs. 
81,065 lbs. 


Problem 13. What is the load on first-story cohunii nuirked No. 0 (Plal (* 
I, a, /;,aiulr)imd what size, weight, and anni of 55-l)ar eoluttiu shoulil be used 
fo carry the load? 

Ansicer. The load to be carried by column No. 9 is comi)t)S(Ml 
of the load on No. 5, the weight of the 2d and 3(1 floor exterior walls, 
the weight from 3d floor, the reaction from girder No. 7, and its weiglit. 

The surface of .2d and 3d floor wall — 36 X 12 — IGl (sci. ft. 
of window opening) = 271 sq. ft. Multiplying this by the thickucsss 
gives 271 X 1J = 361 culnc ft. of brickwork, with a weight — 361 X 
112 (wt. of a cubic ft.) = 40,432 lbs. 

The surface plastered — 34 X 12 — 161 = 247 sq. ft; with a 
weight = 247 X 7 (wt. of a sq. ft.) == 1,729 lbs. 
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The surface of 3d floor carried = 12 X 12 = 144 sq. ft.; with 
a weight = 144 X 190 = 27^360 lbs. 

188,941 lbs., wt resting on column No 5 

40,432 “ of 2d and 3d floor brick walls. 

1.729 '' “ “ plaster. 

27,360 3d floor. 

81,965 “ reaction from girder No. 7 

6.729 wt of girder No 7, carried by column. 

347,156 lbs Total weight to be carried by column No 9. 

Dividing the total weight by 2,000 gives 173.57 tons. A table ti 
safe loads in tons for Z-bar columns is found on page 127 (Car¬ 
negie H. B,), and opposite a length of 22 feet for 8-in. Z-bars, one 
finds that a safe load of 1S1.3 tons will be carried by a column com¬ 
posed of 4 Z-bars 4 in. deep and one web plate 7X1 inch, weighing 
108.4 lbs. per foot, and with a cross-section of 31.9 sq. inches. 

Problem 12. What should be the area of granite footing under column 
No 9 to sustain the load with 3 tons per sq, foot on the subsoil? 

Determine the total load resting on subsoil, which 
includes the load carried by column No. 9, the weight of 1st floor wall, 
and the weight of granite footing. 

The surface of 1st floor wall == 23^X 12 — 49 (sq. ft. of win¬ 
dow opening) == 227 sq. ft. Multiplying this by the thickness gives 
227 X l;j = 303 cubic ft., with a weight = 303 X 112 == 33,930 
lbs. for the l)rickwork. ''Phe surface of plaster = 22 X 12. — 49 ~ 
215 sq. ft.; with a w’^eight = 215 X 7 = 1,505 lbs. Assuming dimen¬ 
sions for the footing, gives a weight for 211 cubic ft. = 211 Xl70 
(wt. of cubic ft. of granite) = 35,<S70 lbs. 

347,15() lbs., wt. oil column No 9. 

33,936 “ of brick wall. 

1,505 plaster. 

^i5,870 '' '' granite footing, 

4 18,467 lbs., or 209.2 tons. Total weight to be carried by subsoil. 
Dividing this by the 3 tons per sep foot that tlie soil will sustain, gives 
07.7 sep feet, area of granite footing uec(^ssary. That is, the footing 
must be 8.3 feet square. 

Problem 13. What is the safe strain for a chain with the links made 
of iron one inch in diameter, using a factor of safety of 1? 

Answer. An iron chain with links made of rods one inch in 
diameter will break under a strain of 49,280 lbs. Dividing this by a 
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factor of safety of 4, gives 40,280 4 ■= 12,320 lbs. safe load. 

(Taken from Trautwine.) 

Problem 14. What horizontal pressure per square foot should be 
allowed for wind on a sloping roof? 

Answer, Thirty lbs. per sq. foot. (Taken from the Boston and 
Chicago Building Laws.) 

Problem 15 What safe load will a 12xl2-inch long^leaf yellow pine 
post 20 feet long sustain? 

Answer, L D 240 12 = 20; where L = Length in inches, 

and D == diameter in inches. 

p r 

For values of ^ from 15 to 20, the Boston Building Laws allow a 

stress of 800 lbs. per sq. inch, for yellow pine. 

Area of post = 144 sq. inches. 

Safe load = 800 X 144 = 115,200 lbs. 

Problem 16. What is the required depth of a long-le.af yellow pine 
girder 8 inches broad and 16 feet long, to sustain a umforni load of 10,000 lbs. ? 


Answer. The formula for hard pine is: 

^>1 „ 1 Uniform load (in lbs*) X Span (in feel) 

Square of depth --- -- 


2 X 


00 


10,000 X 16 

(Depth)-= ---------^111,11 

Depth = 10.5 inches. This is with a factor of safety of S. 

Problem 17. What force, applied 
horizontally, will be required to over¬ 
turn a six-foot cube of granite? 

Answer, Let P == weight of 
block of granite = G X 0 X X 
170 30,720 lbs., wlieiv 170 — 

weight of one cubic ft. <'>f granite. 

With a 'stop at n (Fig. 2), 
merely to prevent sliding, sup¬ 
pose the weight to ho. applied, 
vertically downward, through 



Fig 2, 


Granite Block unaer Overturning 
Stress. 


the center of gravity. Tlu' mo¬ 


ment with which the block r<\sists 
being oveRurned = 36,720 X 3 (length of leverage in ft.) ~~ 110,160 
foot-lbs. 

In order that a force such as F can overturn the block, / must 
110,160 

C 


be greater than 


18,3(>() lbs. 
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If the overturning force were to be applied uniformly, on the face 
m Z, its resultant could be considered as acting through z, and it would 
have to be greater than 110,160 lbs. 

Problem 18. What size hard pine header sixteen feet long is required 
in a dwelling-house to carry 161 square feet of floor? 

Answer. Floors for dwelling-houses should be designed to 
carry 50 lbs. per sq. ft., exclusive of materials. Take the weight of 
materials in floor « 20 lbs. per sq. ft. Then the total weight of a 
sq. foot of floor = 70 lbs. Total weight to be carried by girder =* 
101 X 70 = 11,270 lbs. 

As both the breadth and depth are required, we shall assume 
one and solve for the other. Assume the depth = 10 inches. The 
formula for hard pine is: 


Breadtli 


Breadth in inches 
16 X 11,270 


- ^Span (in ft.) X Load_ 

2 X Square of depth X 100 


2 X 100 X 100 
factor of safety of S. 


= 9.02 inches. This is calculated with a 


Problem 19. State the load, <lead and superincumbent, required per 
square foot for a gravel roof, on wood frame with a plastered ceiling. 

Answer, The weight per sq. foot of tar and gravel roofing, 
over 4 thicknesses of felt, carried by seven-eighths-inch boards is 
lbs. The weight of one sep foot of metal lath-and-plaster is about 
10 lbs., an allowance of 7 lbs. for inch of plaster and 3 lbs. for motr^l 
lath. The wood frame may be considered to be made up of 3 X 12- 
inch yellow pine joists, fifteen inches on centers, with a weight of about 
12 Ihs. per sq. ft. The superincumbent load allowed for is 40 lbs. 
par s(i. foot for snow load. (Boston Building Laws.) 


Oi + 12 + 10 « 31} lbs. dead load. 

Adding to this 40 Ihs- for the superincumbent load, gives 31J + 40 — 
71^ lbs., total load. 


Problem, 20. What ia«tho Ktrain in a guy rope of a derrick \indor the 
following circumstuncos: Mast perpendicular 30 feet long above the foot of 
boom, boom 30 feet long horizontal, load 10 tons at end of boom, guy rope 
at angle of sixty degrees with mast? 

Answer, Let AB (Fig. 3) be the mas.t, and BC the boom, with 
a load of 10 tons at G, 

The polygon of forces for the 10 tons and the stresses in AO and 
BC is a 45-dcgrco triangle. Therefore the stresses in BC — the load, 
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10 tons. Also as ABC is a 45-degree triangle, the stress in the mast 
AB = stress in BC, the boom. 

Let inch = 1 ton. Scale down from A ten-eighths of an inch, 

or 10 tons, to D, and 
dvhw DE horizontal. 
Then scaling off 
AE, we find it equal 
to twenty-eighths or 
20 tons, which is 
the stress in the 
guy rope AF. 

Fig. 3. Loaded Dernck Problem 21. ITow 

thick should a rotain- 

mg wall be to sustain the earth and water pressure about a cellar, tlu‘ fin¬ 
ished grade of cellar being 10 feet below the surface of the ground, tlui water 
line being five feet above the finished grade of cellar? The weight of the 
superstructure not to be taken into consideration. 

Answer. First figure the necessary thickness for a retaining wtill 
10 feet high, with a common earth filling; and then determine whether 
such a wall will be sufficiently strong to withstand the wafer pn'ssure 
on lower half. See Pig. 4. The 
thickness required for a vertical re¬ 
taining wall, for earth, is equal to 
height X a constant .35. Neces¬ 
sary thickness of wall == 10 X .35 
= 3.5 feet. One. foot in length 
of granite wall, 10 ft. high and 
3.5 ft. thick, weighs 3.5 X 10 X 
170 (wt. of cubic ft. of granite) 

- 5,050 lbs. 

The pressure from water, for 
a section of wall onc^foot h^ng ^ 
area of surfat^e pressed (in s([. feet) 

X the verti(*al depth (in feet) of 
its wnter of gravity below the 
surface of the water X 02.5 (the weight of a euhic fl. of water). 
Water pressure « 5 X 2.5 X 02.6 = 7cS1.2r) lbs. 

The moment of stability, due to the weight of wall * 5,050 X 
1.75 - 10.4J2.5 foot-lbs. 
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The moment of the water pressure, tending to overturn the wall 
- 78L25 X LOG - 1/296.S7 foot-lbs. 

As long as the moment of stability is over five times as great as 
the moment of the water pressure, we can neglect.the pressure of the 
water. 

Problem 22 What is the safe load per square ^oot allowed on brick 
walls laid (a) m cement mortars, and (b) m lime mortar? 

Answer* (a) For a wall of first-class work of hard-burned 
brick laid in a cement mortar of 1 part Portland cement and 3 parts 
sand, one can allow a comprcKSsion stress of 20 tons per sq. foot. 

(b) For the same wall laid in lime mortar, 1 part lime, 6 parts 
sand, allow a compression stress of 8 tons per sc(- ft. 

For brickwork made of '^light-hard’’ brick, the stresses shall not 
exceed two-thirds of the stresses for like work of hard-burned brick. 
(Taken from the Boston BuiUling Laws.) 

Problem 23. Specify the mortar you would use in a first-class building 
to be erected in the city of Boston. 

Answer. Mortar for a fii'st-class building shall be mixed in the 
following proportions: For lower half of the building—1 part ordi¬ 
nary cement and 2 parts sand, or 1 part American Portland cement 
and 3 parts sand; for upper half of building, no poorer than equal 
' parts of cement and lime aiul three parts of sand. 

Problem 21. A brick pier 1 (> inchos stiuare and 12 feet long will safely 
sustain what‘loa<l? 

A'nswcr. For brick piers of hard-burned bricks, in which the 
height is from six to twelve times the least dimension, set in mortar 
made of 1 part Portland cement and 3 parts sand, allow a stress of 
20 ions p<TS(|. fi. Dividing llie height by the diameter, 12 hj- == 9, 
this showing that the height is 0 times the least diameter. Therefore, 
Safe load «= 20 X l.s (area of pier) — 37i tons. 

Problem 25. jNot(' some of Ibo principal uiclhoils and jiositions of fire- 
stopping in wood(‘ii li(m«f‘H. 

Amwr. Fin>-.stoi)ping <‘an be accomplished by using brick or 
terriwotta blocks set in inorlar, in the following positions: 

1 st. ()vc«r the sill, fill in between the joist to height of biisc-lx>ard. 

2d. On bearing partitions, fill in between the studding to 
height of base-l mard. 

3<1. Fill in over drop girders, where joists are eontiinioii.s, to 
bottoTii of flooring, 
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4th. Fill in over drop girders between joists to height of base¬ 
board. 

5th. Fill in between rafters over the plate^ to height of roof 
boarding- 

Problem 26. Write a short specification for wood lathing and plaster¬ 
ing for a first-class house; i. e., describe lathing and how mortar for all coats 
should be mixed. 

Answer, Lath. Lath, with five nails to a lath, all the cross- 
furrings on ceilings, the inside of all exterior walls, all the interior stud 
partitions, the soffits of all stairs, etc., etc. (clearly designating all 
portions of building to be lathed). Lath to be clean spruce lath, free 
from large or loose knots, not over 1J inches wide, laid 3 inch open 
and to break joints every twelve courses. 

Plaster. Plaster the above-mentioned lathings with tlie best 
three-coat vrork, carrying the plaster to the floor in -all cases, except 
behind vrainseotings, wiiere the first coat only will go to the floor. 

Scratch Coat. The scratcii coat to be composed of the best 
mortar mixed in proportions of one (1) barrel of best wood-burned 
Rockland and Rockport Co/s lime, with tw’o and a-half (21) bushels 
of good, clean, long, cattle’s hair, and the proper amount of elean, 
sharp sand free from loam and all other extraneous matters, and 
properly scratched and left until thoroughly dry. 

Note. The amount of «and used shoxild bo <lctorinino(l hy the coarse¬ 
ness of the sand and the yielding capacity of the lime wiicn slaked. It is 
usual in Government work to specify 1 pari of lime paste t.o 12 of sand. No 
two casks of lime will yield the same amount of paste. 

Brown Coat. The browm coat to be composed of the best mortar 
mixed in proportions of one (1) barrel of b(\st lime as abov(> specified, 
with one and a-half (1 J) bushels of liair as above sjiecified, an<l proper 
amount of sand, and to be w^ell hand-fioatcM 1. Halve tlie walls st might 
and plumb, and the ceilings level. 

Skim Coat. The skim coat to be eoinpos('<l of linu^ piifly and 
good, sharp, washed beach suiul and to be thoroughly trowel(Ml and 
perfectly white. 

Problem 27. (a) What is the weight of a brick wall 2 f(*ot inches 
thick, 12 feet long, and 15 feet high? 

(fi) How many bricks will bo required Lo build the wall? 

Answer, (a). 2^ X 12 X 15 420 ouhic ft. of walk 
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If built of ordinary soft brick, the weight = 420 X 112 == 47,040 

lbs. 

(h) If the wall is built of bricks 8 by 4 by 2 inches, with ^-inch 
joints, the number of bricks required for one cubic foot of wall is 
21.20. The number of bricks necessary for above wall of 420 cubic 
feet = 420 X 21.26 = cS,929.2 brick. 

For common buildings, 5 per cent waste is incurred, in cutting 
bricks to fit angles, etc. Therefore, making an allowance for this 
waste, 5 per cent of 8,029.2 is 446.4. Then 8,929.2 4- 446.4 = 
9,375 6 bricks to be allowed for building above wall. 

Problem 2S. How many tons will a limestone pier, 2 feet 8 inches 
square and 10 feet high, safely carry, the pier being laid up in courses with 
cut bods? 

Answer, A limestone pier in which the height of pier does not 
exceed eight times the least diameter, will sustain 40 tons per sq. 
foot. This is for first-quality dressed beds and builds, laid solid in 
mortar of 1 part Portland cement to 3 parts sand, or 1 part Rosendale 
cement to 2 parts sand. 

As a 10-foot pier of 2 feet S inches diameter has a height of less 
than 4 times its diameter, it will safely carry 40 tons per sq. foot. 

Area of pier = 7.11 sq. feet. 

Safe load - 7.11 X 40 - 284.4 tons. 

Problem 29. Write a short specification for interior brickwork and 
mortar for same, for a Wareliouse, to be built in Boston, where loads on brick¬ 
work arc to bo 12 tons per sq. ft. 

Ansv^cr: Brickwork. The walls to be built of sizes shown, 
with well-shaped, hard-burned brick, of the best and hardest selection 
of the kiln, which shall be what are recognized as strictly firsl-class 
brick. Bricks to be well laid and bedded with well-filled joints and 
flushed up at every course with mortar. 

The bricks to be culled, where they show on both sides, so that 
both sides will be smooth, and the walls to be built straight and 
plumb. In no case shall one wall be carried up more than 15 feet 
in advance of other walls, and no break in height shall be more than 
six feet. 

Bond. All the walls to have every sixth course a heading 
course going through the wall. The interior walls to be bonded to 
the exterior walls and to each other in the best manner. 
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Swelled Brick. No swelled, refuse, salmon, or other soft brick 
will be allo\ved in the work. 

Bricks to be Wet. All bricks used during the months from April 
to November, inclusive, shall be well wet at the time they are laid. 

Anchoring. The walls to be anchored to the steel beams and 
girders with standard wrought-iron anchors. Build in all anchors, 
clamps, etc., necessary for first-class work, and as specified in con¬ 
nection with brickwork, as the work progresses. 

Arches. Turn strong arches over all the openings in brick 
walls which are not shown to have steel beams over them. All 
arches to be built of good, hard brick laid close and well Iceyed. 

Mortar. The mortar used in the walls to be composed of one 
(1) part American Portland cement, one (1) part lime and six (0) 
parts sand, by volume, dry. 

All joints and beds to be filled solid with mortar, either by slush¬ 
ing, or by liLissle work, or grouting with mortar. All the walls io be 
laid with flush, smooth, ruled joints. 

Washing. All the walls to be well washed down at the com¬ 
pletion of the work. 

Whitewash. All the walls to have two good coals of best whil<'- 
wash. 

Problem oO. Specify some of the dcHirablo points to ho ohsorvod ia 
the construction of a house wall of hiiiestono with })rick backing. 

Answer. Limestone. All the limestone to be the best buff 
Bedford limestone, free from all spots, stains, seams, iron rust, and 
all other inperfections; and to be uni form in color. Tlu^ stirfai*c 
of all limestone to be fine palent-axcd. 

All the limestone to be laid on its natural bed and to Iiav<' sawinl 
backs. 

All the limestone to be jointed, ns shown in drawings, a.nd to 
have beds and joints J inch wide and all beds to b(‘ cut Icwel and 
not pitching back from the face of the stone,‘"and to hav<^ Ixyls of 
uniform thickness of mortar. 

Anchoring. All limestone to bo anchcmxl to lh<' liric^k l>a<*king 
with wrought-iron anchors. Stones 2 feet or tmd<‘r, to liavt' one 
anchor; and over 2 feet, to have two anchors. 

Sills. All the limestone sills to be set firm at the ends, with no 
mortar under the middle. After the building is up, and has its 
settlement, point up under the middle of stones. 
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Mortar. All the limestone to be laid in LaFarge cement. All 
the stones to have tops, bottoms, sides, and backs covered with Anti- 
Hydrine or Dehydrine before being set in the walls. The exposed 
surfaces to be kept free from the damp-proofing. 

Pointing. All the joints and beds in the limestone to be raked 
out at least i inch deep, and then pointed with La Farge cement, one 
(1) j)art cemcMit and two (2) parts sand, and to be finished with a 
flush-ruled joint. 

All the joints in steps, platforms, copings, chimney caps, pro¬ 
jecting strings, and cornices, to be grouted solidly with liquid La Farge 
cement, one (1) part cement and two (2) parts sand. 

Washing. All the exterior walls to be well washed down at 
the completion of the work. 

Prohlein 31. State the thickness at the base a retaining wall should be 
to hold an embankment 15 feet high. _ 

5 Tons. 

Answer. The thickness of a 
retaining wall depends upon the 
nature of the materials to be re¬ 
tained; and experience alone can 
be the guide when this backing is 
of her than sand, gravel, or earth, 

With a wall of cut stone, or first- Remforcenmit of concrete Girder, 

class large ranged rubble, in mortar, the thickness, at the base, should 
be .115 of its entire vertical height. Thus, for a wall 15 feet high, 
the tliiekm'ss = 15 X .^^5 = 5 feet 3 inches. 

PROBLEMS ON CONCRETE 

Problem 32. What molhcxls are commonly used in reinforcing concrete 
colinniiH, and what is cousidered good practice in regard to tie hoops, otc.? 

Answer. Rods are sometinuvs placed in the corners of columns 
tied in by occasional horijsontal hoops or some form of spiral tie. 

T^argo rods are sometimes placed in the interior of columns to 
assist the concrete' in taking some of the vertical compression stress. 

Both methods are sometimes combined. In "either case it is 
considered good practice to space the horizontal hoops a distance 
apart ocjnal to the smallest dimension of the column, and to provide 
hoops of a diameter ecjual to onc-fiftieth of the spacing, or more hoops 
spaced closer of an etiuivalcnt area. 
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Prohlein 33. What area of steel is required to reinforce the lower 
flange of a concrete girder, of rectangular section, under the following assump¬ 
tions? 

Live load = 5 tons at a (Fig 5). 

Bead load (girder) == 300 lbs. per running foot. 

Notation: h = Breadth of beam. 

d = Depth of center of gravity of steel below top of beam. 
p s= Ratio of cross-section of steel to cross-section of beam 
above center of gravity of steel. 

K — Constant for a given steel and a given concrete 
C = Pressure per sq. inch in outside fibre of concrete in 
compression. 

S = Tension per sq inch in steel reinforcement. 

E 

r ~ = Ratio of moduli of elasticity of steel to concrete. 

M = Bending moment in inch-pounds. 

F = Factor of safety 
Assumptions. 6 = 12 inches. 

F = 4 

C — 2,500 lbs. per sq. inch. 

S - 56,000 “ 

r « 10 . 

Formul.e : 






(3) M = Klb d-’ 

Solution, For thej500-ton or 3 0,()00-lb.|floa(l at the center, 

R — 5,000 lbs, 

iir « 8 X 12 X 5,000 =- 180,000 mch-lbs. 

For the weight of the beam. 




115,200 inch-lbH. 


The total bending moment is equal to their sum -- 595,200 inch-lbs. 
Solving equation (1) for K, we have: 

r> r 1 T r, 1 T 


K = [- so.oool p 

l-A + OK Ann-" ^ 


50,000 
^ ^ 25,000" 


Substituting these values in formula 3 (M 

I 595,000 
80.25 X 12 
d 21 - inchoH. 


K h we have: 
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The area of beam of above d is equal to 12 X 24 = 288 sq. inches. 

Solving formula 2, we have, p = .007. Then 288 X .007 = 
2.016 sq. inches of steel. 

Problem 34. What size of steel rods are required to reinforce a square 
reinforced concrete column to carry a load of 100,000 lbs., placing a round rod 
at each corner 2 inches in from the face of concrete, height of column 12 feet? 
Notation and Assumptions: 


C = Total compression on concrete and steel per sq. inch—that is, 
the total load divided by the total area ot cross-section of column 
C® Compression in concrete per sq. inch. 
p as Ratio of steel to total cross-scetion of column. 

EJ 

r « — Ratio of moduli of elasticity of steel to concrete = 10. 

■ac 

Allowable Cc ~ 500 lbs 


Formula: 


V 


C - Co 


sq. 


Cc (r - 1) 

Sohdion, Assume a column 12 inches square; its area 
inches. Then 

c = = 690 lbs. 

144 


144 


Substituting values in formula, we have, 

090 - 500 190 

^ 500'(10- 1) “ 4,600 ' 


.042 


Then, multiplying .042 by 144, the number of sq. inches, gives 
6.048 sq. inches as the total area of steel required. Dividing this by 
4 gives 1.512 scj. inches = area of rod at each corner of column. 
This means a rod of 1 j, V inches diameter, which has an area of 1.623 
scj. inches. 


Problem 35. What load will a concrete column 20 inches square, 
reinforced with four 2 in. diameter rods, safely carry if the concrete is limited 
in compression to 400 pounds per. sq. inch, column IG feet high? 

Answer. With notation and formula the same as above, we 
have: Area of four 2-inoh rods = 3.1416 X 4 = 12.5664sq. inches. 

Then the ratio of steel to concrete (p) = ^^20 ~ 

C — C 

Substituting these values in the formula p — ^ 


and transposing, we have: 

C = 400 [(1 - .0314) + 10 X .0314] 
== 400 C.9086 -h ,314) 

- 513,04 lbs. 
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Multiplying this value of C by the area gives: 400 X 513 04 == 
205,216 lbs., load the column will carry. 

Problem 36 State the thickness of concrete required in the floor of the 
cellar described in Problem 21, to resist the water pressure 

Answer, The weight of a cubic foot of sea water is 64.08 lbs. 
The weight of a cubic foot of concrete is 140 lbs. That is, a cubic 
foot of concrete is sufficiently heavy to displace a column of water one 
foot square and 2.18 feet high. In the example to be solved, the 
quantity of water per square foot to be displaced is 5 cubic feet, which 
can be done with 5 2.18 = 2 29 cubic feet of concrete. In 

practice the floor of the above cellar would be made from 2.3 to 2.5 
feet thick. 

Problem 37. Describe the manner of wntorpronfinp; the above described 
cellar in order to make it absolutely water-tight 

Answer, When the footing has been compkdod, it is covcretl 
with 5 layers of mopped felt with a one-foot lap on both sides of the 
foundation wall, which is then constmcte<L This method allows 
bonding with the waterproofing of cellar floor and vcu’tical walls. 
Over the surface of the cellar, lay six inches of ooncrefo so that it 
finishes flush w’ith the top of the footings. On top of the concrete, 
mop with hot asphaltum, and lay best five-]ily waterproofing ec’insist- 
ing of roofing felt laid lapping ends and breaking joints, well bondc'd 
to waterproofing over footings and mopped betwetm eadi laytT with 
hot asphaltum or tar. 

Waterproof exterior wall as described abov(‘ for ccdlar floor, 
bonding same to waterproofing on top of footings, continuing saiiK" 
to required height. Lay eight inches of brick on ()utsi<le to sn))port 
w^aterproofing and protect the same from being broken <lnring the 
filling. Upon the waterproofing of cellar floor, lay two feet of (‘on- 
crete to hold the waterproofing down against the water pressuns 
making a total thickness of 2 feet (> inches of coucixde. 

Prohleyn 38 Write a Rpcciflcation for coruToto fot>tin^H for a finst-olaHH 
building, giving the proportions of ingrodients and the* iaanm‘r of niixinfj; 
and laying. 

Answer. Concrete, All cement shall bc^ first-class Portlarui 
of a reputable brand, to be approved by the Architect, and shall be 
subjected to a tensile lest to be ma<le under the direction of the- Archi¬ 
tect; and any brand or parcel which does not come up to the r(j(|uired 
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specifications or does not set up in a suitable time, shall not be used, 
but shall at once be removed from the site of the work. 

Briquettes of neat cement of one square inch section shall develop 
a tensile strength of 200 lbs. or upwards in twenty-four hours, having 
stood until set in air and the remaining time in water. The cement 
shall develop an initial set in not less than thirty minutes, and a 
hard set in not less than one nor more than ten hours. 

The cement shall be stored in a building which shall protect it 
from the weather, the floor of said building to be not less than 6 
inches from the ground. 

The sand shall be clean and coarse or a mixture of fine and 
coarse, with the coarse predominating, and it shall be free from clay, 
loam, sticks, organic matter, and other impurities. 

The broken or crushed stone shall consist of hard and durable 
rock, such as trap, granite, or conglomerate, properly crushed to a 
size that will pass througli a ring ] inch in diameter, for floor slabs 
and column foundations. Two-inch stone may be used in founda¬ 
tion wall. The dust to be removed by a J inch screen, to be after¬ 
wards, if desired, mixed with and used as a part of the sand. 

Mixing, Th^' '^v.n^ter used for mixing is to be free from acids 
or strong alkalies. 

The concrete, unless otherwise specified, for floor slabs and 
<‘olumn foundations, shall be mixed in the proportion of one (1) part 
cement, two and one-half (25-) paris sand, and five (5) parts of broken 
stone mixed as follows:—1 barrel (4 bags) Portland cement to 2J 
barrels (0.5 cu. ft.) loose sand, to 5 barrels (19 cu. ft.) of broken 
st(^ne. Sufficient water to be used to form a mass of jelly-like con¬ 
sistency which tpiakes on ramming. For foundation walls use 
1 3 — 0 proportions and stone up to 21 inches. 

In mixing, tlic cement and aggregate shall be mixed and the 
water added on a tight platform large enough to provide space for the 
partially simultaneous mixing of two batches of not more than one 
cubic yard each. The sand and cement shall be spread in thin 
layers and mixed dry until of uniform color. This mixture may be 
spread upon the layer of stone or the stone shoveled upon it before 
adding the water, or it may be made into a mortar before spreading 
it with the stone. In the former method the materials shall be turned 
at least three times, the water being added on the first turning. In 
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the latter methcxl the mass of mortar and stone shall be turned at 
least twice. Whatever method is employed, the number of turn¬ 
ings gba.11 be sufficient to produce a resulting loose concrete of uni¬ 
form color, with the stones thoroughly incorporated into the mortar 
and the consistency uniform throughout. 

Placing. Concrete shall be placed in such a manner that there 
shall be no distinct separation of the different ingredients; or, in 
cases where such separation occurs, the concrete shall be mixed before 
placing. Each layer in which the concrete is placed shall be of 
such thickness that it can be incorporated with the one previously 
laid. Concrete shall be used as soon after mLving as it can be rammed 
or puddled in place as a plastic, homogeneous mass; any which 
has set before placing shall be rejected. Wlicn placing fresh concrete 
on old concrete surface, the latter shall be cleaned and washed, with 
clean water, free from all dirt or scum, thoroughly wet, and brushed 
with a wire brush. 

Noticeable voids or stone pockets discovered when the forms 
are removed shall be immediately filled with mortar mixed in the 
same proportion as the mortar in the concrete. Forms shall be wot 
(except in freezing weather) before placing concrete against them. 

Exposed faces shall be made smooth by thrusting a .spade or 
chisel through tlie concrete close to the form, to force back the large 
stones and prevent pockets. 

Freezing Weather. No concrete shall be exposed to frost until 
hard and dry and materials cinployetl in freezing weather shall con¬ 
tain no frost. Portions of surface concrete which have frozen .shall 
be removed before laying fit'sh concrete upon tlunn. 

Forms. The lumber for the forms and the design of the form.s 
shall be adapted to the structim', and sufficiently tight to prevent 
loss of cement or mortar. They shall be thoroughly braced or tied 
together so that tlic pressure of the concrete, or die movement of 
the men or materials, shall not throw them out of place. Forms 
.shall be left in place until, in the judgment of the Arcliitcct, the con¬ 
crete has attained sufficient strength to resist any accidental thrusts 
or permanent strains which may come upon it. Form.*? to be thor¬ 
oughly eleaned before being iiscxl a .second time. 
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PROBLEMS ON STEEL 


Ptoblem 39. What is the safe load for two 9-inch channel columns 
feet long, the channels weighing 13i lbs. per foot each, with two ^-inch side 
plates IX inches wide? 

Answer. A table with safe loads for 9-inch channel columns 
will be found on page 140 (Carnegie H. B.). The safe load for a 
9-inch 13-26-lb. channel column, 24 feet long, and with 11 X J-in. 
side plate = 112.7 tons. 

Problem 40. What is the safe load for a 3^ x 3 Jx ] steel angle 

post 12 feet long for a quiescent load, and what for a moving load? 

Answer. A table of ultimate strength of steel columns for 

different values of — is found on page 143 (Carnegie H. B.). For 
r v 


7 ^2 

the above angle post, — ^ == 17.9. In the column for values of 

I -i- r = 17.9 (or 18), the ultimate strength per square inch = 21,780 
lbs., for a square bearing. Therefore, with a factor of sx-fety of 4, 
for a quiescent load. 

Safe load = j• 0 3« 27,388.35 lbs. 

4 

With a factor of safety of 5 for a moving load, as in bridges. 


Safe load = 


21,780 X 5.03 


21,910.68 lbs. 


Note. Vahios for r, least radius of gyration, and area, were found on 
page 118 (Carnegie H. B.). 

Prohlem 41. What is the tensile strength of a 3^ x 3^ x jg-inch steel 
angle, no allowance being made for rivet-holes? 

Answer, From the above problem we have the section area 
of X 3J X 3 o"inch angle == 5.03 sq. inches. 

The Boston Building T-raws allow a tensile strain (safe) for steel 
of 1(),000 lbs. p<'r sq. inch. Then the tensile strength 5.03 X 
10,000 = 80,480 lbs. 

Prohlem 42. State the size, weight, distance on centers, and projec¬ 
tion of steel beams required for footiugn under a stone wall 2 feet thick carry¬ 
ing a^load of 16 tons per square foot, allowing 3 tons per square foot on the soil. 

An:-fmr. Calculations for the use of I-beams in wall founda¬ 
tions, taken from Carnegie H. B., page 165. 

Let L = Weight of wall per linear foot in tons = 2 X 15 «= 30 


tons. 


389 
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h = Bearing capacity of soil = 3 tons per sq. foot. 

Then =10=IF== Required width of foundation 

h 3 

in ft., of tlie required length of I-beams. 

The projection of the I-beams, from under each side of the wall 

1 A _ 2 

= i (Jy — width of wall) = —g— = 4 feet. 

Now, referring to the tables on page 166 (Carnegie H. B.), we 
find for a 4-foot projection, under b = 3 tons, that a 12-inch I-beam 
of 31.5 lbs. per foot, placed 1 foot on center, will make the proper 
footing. 

Problem 43 What is the safe shearin'ij strain for a |-mch rivet in 
single shear, and what the strain in double shear*' 

Answer. Tables for the shearing strain of rivets are found on 
page 195 (Carnegie H. B.). 

For a f-inch steel rivet, the single shear is 4,420 lbs., in the 
tables calculated for a single shear at 10,000 lbs. per sep inch as 
allowed by the Boston Building Laws. 

In order to obtain the value for double shear, multiply the single 
shear value by 2. Thus, 2 X 4,420 = 8,840 lbs. 

Problem 44. Give diameter and thickness of rnotal required for a cast- 
iron column with square-faced bearings 20 foot long, carrying a load of 300 tons 

Answer. As the allowable stresses are determined by values of 
I r, we assume a diameter of column of 13 inches in order to 
determine r, the radius of gyration. Then, 

\''r(Sr3<Tu _ « 

where d == Outside diameter of column, 13 inches, and =* Inside 
cliam. 9 in. Then I r ^ 240 3.05 - 00. For a value of 60, 
the Boston Building Laws allow a stress of 9,500 lbs, per sq, ia(*h. 

The load to be cai'ried is 300 tons = 600,000 lbs. Dividing 
this load by 9,500 gives 63.15 sq. inches of metal section requinnl. 
This load can safely be borne by a column of 13 inches diameh^r 
and 2 inches thickness of shell, which has an area of section 69 
sq. inches. 

Problem 45. State the thickness required for the top and bottom 
plates for a box-girder with 42xJ-inch web plates, 5x3ixJ-inch angles, and 
flange plates 30 inches wide, to carry a uniform load of 243 tons, the span of 

irirdpr Hporiners 30 fpAt. 
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A7i6nve7\ The table of Box girders is found on page 162 (Car¬ 
negie H. B.), and the column for Safe load, including weight of 
girder, opposite a span of 30 feet, for a 42 X l-inch web plate, gives 
210.5 tons. This load is with top and bottom flange plates of 30 X 
inch. Subtracting the safe load for 30 X i J in. plates, of 219.5 
tons, from the load of 243 tons to be carried, we have 23.5 tons, 
for which an increase in tliiclcness of flange plates is necessary. The 
same tables allow an increase in the safe load of 12.18 tons for an 
increase of in. in thickness of each flange plate. Therefore, by 
increasing the thickness of each flange plate by of an inch, the safe 
load can be increased by 2 X 12.18 = 24.36 tons. 

Oi', a box girder with top and bottom flange plates 30 X ia 
inch will carry a safe load of 219.5 -h 24.36 = 243.86 tons. 

Problem 46. What is the safe load for a single 7-inch 9 75-lb. channel 
column 10 feet long? 


Aylsivc7\ The table for ultimate strength 


found on page 143 (Carnegie H. B.) 
feet) the least radius of 


of steel columns is 
The value for the length (in 
10 


gyration = ~ 17.06. In the 

tables opposite the valu<» of 17.00 fot I r, we find the ultimate 
strength per s<p inch = 23,190 lbs. 

Tlu' safe load is obtained by multiplying by the sectional area 
and dividing by a factor of safety of 4. 

28.190^X 2.85^ 10,522.87 lbs. 


Safe load 


Note. The values for r and the area arc found under Properties of 
OhanuelH, page 101, Carnegie 11. B. 

Problem 47. What safe loa<l will a cast-iron column sustain, the column 
being 12 inches in diameter, 2 inches thick, and 20 feet long? 

A'mwrr, ''The sectional area of the above column is 62.84 sq. 
inches. Tii onler to determine the working stress, first find the 

value for 

T 

4* di** . “h ()4 _ 3 305 

4 4 ^ 


where 


d ()ntsi<le diam. and = inside diara. 


/ 

r 


240 

3.805 


G3. 


Then 


The Boston Building Laws allow for a value of Z -r- r = 60, 
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a working stress of 9,500 lbs. per sfj- ineli; and for Ij -5- r — /O, a 
working stress of 9,200 lbs. Their difference = 300. Taking three- 
tenths of 300, which is 90, subtracting it from 9,500, gives 9,410 
lbs. as the working strain for L -5- r = 63. 

Safe load = 62.<S4 X 9,410 = 591,324 4 lbs. 

Problem 48. What is the safe uniform load for a 4-inch Z-bar 1-iiich 
metal, 10 feet long, used as a beam? 

Aiiswer, A table of safe loads, uniformly distributed, for 
Z-bars. used as beams, is found on page 75 (Carnegie H. B.). In 
the column for Lengths between supports = 10 feet, and opposite a 
44nch Z-bar J-inch metal, is found: Safe load == l.GStons. 

Problem 49. What is the diameter at the end of a 2-inch wroiight-iron 
or steel bar with upset screw ends? 

Answer, The diameter of upset screw end is 21 inches. 

Problem 50 What is the tensile strength per Sfiuare inch for steel and 
for wrought iron? 

Answer, The safe tensile strength per s<|. inch for steel is 
16,000 lbs.; for wrought iron, 12,000 lbs., as allowed by the Boston 
Building Laws. 

Problem 51. What is the safe uniform load for a 12-in(*h d 1.5-lb. I- 
beam 25 feet long? If used m a ceiling, what load will the beam carry without 
cracking the plaster? 

Answer. A table of safe uniform loads for l-heams is found on 
page 71 (Carnegie H. B.). For a beam 25 feet long, 12 in<‘hes deep, 
and weighing 31.5 lbs. per foot, the safe load == 7.(>7 tons. 

In the tables all loads above the black cross-lines may \h^ 
carried without cracking the plaster. As the 7.67 ton loa,<l was 
found below the black line it is necessary to (Udenniue anotluu' load 
which will not cause too great a dellectioii. ''Phis is doiu^ by multi¬ 
plying the load given imm<'diat(dy above the black <iross-Iin(% l)y 
the square of the coiTcsponding span, and dividing by the s<|uar(' of 
the requi^’ed span; the result will l>e the safe load without (‘racking 
the plaster. 

^ , 9.59 X (20)' . 

Safe load = ' - o- • 6.13/ tons. 

(2oy 

Problem 52. What is the safe quiescont load allowo<l on a twolvo-inch 
31.5“pound I-beam used as a post, 16 feet long? 

Answer, A table of 'ultimate strength of columns is found on 
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page 143 (Carnegie H. B.) foi' values of / r, where I = Length in 
feet, and r “ Least radius of gyration. 


I 


r 


16 

1.01 


15.8 


For this value of / r the ultimate strength = 25,020 lbs. per sq. 
inch. Safe load = Area of section (in sq. inches) X 25,020 factor 
of safety of 4, for quiescent loads. 


Safe load = 


9.26 X 25,020 
4 


- 57,921.3 lbs. 


Note. The sectional area and the least radius of gyration r were found 
on page 97, Carnegie H, B 

Problem 53. State the size, weight, area, and distance apart required 
for steel I-beams of 20-foot span in the floor of a fireproof office building. 

Answer. A table of the spacing for I-beams for uniform loads, 
is found on page 81 (Carnegie H. B.). The spacing for a 12-inch, 
31.5-lb. I-beam for a load of 100 lbs. per sq. foot, is 9.6 feet. 
For a load of 200 lbs. per sq. foot, the spacing is one-half of 9.6 = 
4 8 feet. As the load per sq. foot of a fireproof office building is 
100 lbs., the spacing will equal 4.8 + onc-twentieth of 4.(8 = 4 8 
-f . 24 = 5 04 feet. 


Problem 5 1, What loud will a stool suspension roil with upset screw ends 
two and one-half inches in diameter at the ends, sustain? 

Answer. From the tables on page 205 (Carnegie H. B.), we see 
that the diameter of the round suspension rod is 2 inches, for a diam. 
of the upset screw c‘nd of 2i inches. Area of cross-section of 2-inch 
bar 3.1116 sq. inches. The safe stress allowed per sq. inch of 
steel is 16,000 lbs. (Boston Building Laws.) 

Hafe load for suspension bar — 10,000 X 3.1410 == 50,205 0 lbs. 

Problem 55. State size, weight, and area of metal required for two 
steel I-beams, with top an<l bottom plates, for a span of 20 ft., carrying a load 
of 100 tons 

AnsvHT. Ti.ibk‘s for beam box girders, made up of two I-beams, 
with top and bottom plates, are found on page 155 (Carnegie H. B.). 
In the (iohimn of Safe loads, opposite a span of 20 feet, (S5.12 tons is 
given as the safe load for 10 X if-inch plates. Subtracting this load 
from the load to be carried, wc have, 100 — (S5.12 == 14.88 tons, the 
nc'eessary increase in load. For an increase in the safe load of 3.76 
tons, an increase of inch thickness of flange plates is necessary. 

14.88 -f* 3.76 - 3.9 (or about 4) 
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This shows that an increase of inch in thickness of each flange 
plate is necessary. Therefore a load of 100 tons will be safely carried 
by a box girder of two 18-inch I-beams with 2 plates of 10 X 1 inch„ 

Area of section of 2 I-beams = 2 X 15.93 = 31.S6 sq. inches. 

“ 2 23latos == 2 X 16X 1 == 32. sq. inches. 

Total area of box girder 63 86 sq. inches. 

2X 12X 16 = 384 cubic inches'of metal in flange plates.^ 

384 X .283 (wt of a cubic inch of steel) = 108 67 lbs. wt. of plates 

110.00 *' 2 I-beams 

Weight per foot of box girder 218.67 lbs. 

Problem 56. What is the relative strength of a beam fixed at one end 
and uniformly loaded, to a beam uniformly loaded and supported at both ends? 

Answer. A beam, fixed at one end, and uniformly loaded, will 
bear only one-quarter the load of a similar beam with a unilbrin load 
and supported at both ends. 

Problem 57. What is the relative strength of a beam fixed at one end 
and loaded at the other, to a beam uniformly loaded and suppoiti'il at both 
ends*'' 

Answer. A beam, fixed at one end and loaded at the otlun*, will 
bear only one-eighth the load of a similar beam with a unironn load 
and supported at both ends. 

EXAMPLES FOR PRACTICE 

1. What safe load will a 12-inch 31.5-Ib. steel I-lK‘am, 12 
feet long, carry, the beam being fixed in a wall at one end and loudecl 
at the other end? 

A NS. 1.01) tons. 

2. Give the diameter and thickness of nudal nMjuin'd for a 
cast-iron column with scjuare-faced bearing, IS find, long, carrying 
a load of 233 tons. Stresses according to Boston Building Laws. 

Ans. Diain., 11 inches. 

Thickness of metal, 2' incluvs. 

3. What is the safe shearing strain for a ^-inch sU^cl rivet 
in single shear, and what the strain in double shear? Use ('larnegit^ 
Tables. 

Ans. Safe single shear, 6,010 lbs. 

double ‘‘ 12,020 lbs. 

4. What is the strain in a guy rope of a derrick luuh'r the 
following conditions:—Mast 30 feet long above the foot of the boom; 
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boom 30 feet long, horizontal; load 5,000 lbs. at end of boom; 
guy rope at an angle of 60 degrees with the mast. 

Ans. 10,000 lbs. 

5. Wliat size (diameter) manila rope would be required to 
sustain the strain of 10,000 lbs. in above guy rope, using a factor of 
safety of 4? 

Axs. 2.6 inches. 

0. ^^Tiat size (diameter) of iron wire rope would be required 
to sustain the strain of 10,000 lbs. in above guy rope, using a factor 
of safety of 4? 

Ans. 1J, inches. 

7. ^Miat safe load will a white pine or spruce post, 12 inches 
square and 20 feet long, carry^? (See Boston Building Laws.) 

Ans. 80,640 lbs. 

8. State the size required for a long-leaf yellow pine post 20 
feet long, carrying a load of 100 tons. (See Boston Building Laws.) 

Axs. 16 X 16 inches. 

0. What is the safe load for a column IS feet long, made of two 
7-inch 0.75-lb. channels with 9-iuch X J-inch side plates? 

Ans. 101.7 tons. 

10. What load will a cast-iron column, with square-faced 
b(‘arings, 14 inches in diameter, 2 inches thick, and 16 feet long, 
siistaiu? 

Ans. 750,130.5 lbs. 

11. State the size, 'weight, and area required for a Z-bar column 
20 feet long, carrying a load of 300 tons. (Use Carnegie Tables.) 

Ans. 14 in. Z-bars, 14 X in. plates. 

172.6 lbs. Area of 50.8 sq. inches. 

12. What load will a concrete column 10, inches square rein- 
foreetl with four 2-inch in <liamoter rods safely carry if the concrete 
is limited in compression to 500 pounds per square inch; column 14 
IVet high. 


Ans, 184,448 lbs. 




REVIEW QUESTIONS. 


PRACTICAL TEST QUESTIONS. 

In the foregoing sections of \his Cyclopedia nu¬ 
merous illustrative examples are workod out in 
detail in order to show the application of the 
various methods and principles. Accompanying 
these arc examples for practice which will aid the 
reader in fixing the principles in mind. 

In the following pages are given a larg^ num¬ 
ber of test questions and'problems which afford a 
valuable means of testing the reader’s knowledge 
of the subjects treated. They will be found excel¬ 
lent practice for those preparing for Civil Service 
Examinations, In some cases numerical answers 
are given as a further aid in this work. 




K K V I JhZ W Q U K S T I O ISr S 


O 2Sr THE STJRJECT OE 

S^ri<Zl^Mu C O ]N^ S T U C T I O N • 

PART I . 


1. What are the structural elements of a building and what 
are the functions of each ? 

2, Define the terms ^‘wall columns,” ‘‘wall girders,” “lin¬ 
tels,” “spandrel beams,” “curtain walls.” Describe the purpose 
of each. 

3. Oive the thickness of exterior walls from basement to 
roof of a ten-stoiy building, using the table given of New York 
laws. 

4, Given an olEco building of ten wstories each 12 feet 
between lloors, with wall columns spaced 1C feet center to center 
and halving three windows in each story 4 feet between jambs 
and 7 feet high, separated by two piers 16 inches wide on face, 

Give the minimum thickness of walls by the New York 
law, if these walls are carried on steel lintels. 

(Ji) Draw a section of this wall over one window, showing 
the size and character of lintel required to carry the wall between 
columns and to support a 4-inch stone arch over the window. 

7. What arc the general types of floor arches in use? 

0. State the systems which require the use of tie rods, and 
state why these arc necessary. 

7, Define the terms “beam” and “girder” and state the 
two uses of the term “ beam.” 

8. Make out a schedule of plain material to be ordered from 
the mill, including angles, tees, zees, beams, and channels. Give 
all information required to enable mill to make shipment. 
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9» Given a floor framing plan in wliicli there are 12-inch 
31J-pound beams, 18 feet between centers of bearings, and spaced 
6 feet 6 inches center to center, 

(a) Using Table II, give the total safe load per squares foot 
which these beams will carry. 

(J) Determine the total safe load at a fiber sti’ess of 12,f 00 
pounds per square inch by using the formula for bending moment 
in beams and the Talkie of Properties. 

10. What would be the allowable fiber stress for a 15-inoh 
42-pound beam on a span of 28 feet between centers of bearings in 
order that the limit of plaster deflection may not be exiieeded ? 
The allowable fiber stress for less than the j-ilaster limit is to be 
taken at 16,000 pounds per square inch. 

11. Determine the vertical deflection of a 6-inch by 4-iiu*.h 
by |-inch angle, 8 feet between centers of bearings, having its long 
leg vertical, and loaded with 1,»500 pounds uniformly distributed. 

12. Define the term “factor of safety.” State the reasons 
for the use of different values for different materials. 

13. Give the steps in the determination of the load to be 
carried by 

(«) A floor beam. 

(b) A floor girder. 

(c) An interior column. 

14. Give the data required and the operations necessary lo 
determine: 

(<t) The actual fiber stress on a given beam supporting 
known loads. 

(J)') The total load uniformly distributed whi(*h a given 
beam will carry at a given fiber stress. 

(^‘) Tlie size of beam required to support a given system of 
loads on a given span. 

15. State the considerations ordinarily determining the form 
of column to be used. 

16. State the factors which determine the safe load wlutdi a 
given column section will support if Gordon’s formula is tised. 

17. For what combination of loading should roof trusses be 
designed ? 

18. State the functions of fire-resisting materials# 



UEVIKW QUESTIOInTS 


ON rriTE STJBJE5 0T OF* 

sa:i^:jiiiL, coNSToaucTiON. 

PART II. 


1. Describe in detail tbe method of procedure in laying out 
the steel framing of an office building, starting from the architect’s 
plans, us a basis, and giving each step. 

2. State some of the considerations a:ffecting the choice of 
a column shape. 

8. Given a 15-inoh 42-pound beam on an effective span of 
12 feet. Determine the bending moment in inch pounds which 
this beam will carry, assuming a safe fibre stress of 16,000 pounds. 

4. Determine the total load uniformly distributed which 
the above beam will carry, 

T). Determine the total load the beam of Question 3 will 
carry if concentrated in two equal loads, dividing the span into 
thirds. Show that the relation between total uniform load and 
total loads concentrated as above is always constant. 

6. In the above beam determine the total load which can 
bo carried if concentrated at the center, and show that this rela¬ 
tion of this concentrated load to the total uniform load is always 
constant. 

7. What is the distinction between the terms “ dead load” 
and “ live load ? ” 

8. Why is it important to have the framing symmetrical 
about the axis of a column, and what effect on the column does 
eccentric connection have ? 

9. Determine the proper size of cast-iron bearing plate to 
use with a 15-inoh 42-pound beam having an effective span of 
18 feet and loaded with a maximum safe uniform load at a fibre 
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strain of 16,000 pounds; the beam ha-ving a bearing of 12 inches 
on the wall, and the safe bearing being taken at 15 tons per scxiuirc 
foot. 

10. State safe values of ‘‘live load ” for building of the fol¬ 
lowing classes when designed for the customary uses : 

(ot) Office building. 

<6) School building. 

(c) Assembly hall. 

(a) Hotel. 

(e) 'Warehouse. 

11. Using Gordan’s formula, determine the total load whic^h 
can be safely carried by a ooluran 11 feet long, composcnl of a, 
12-inch by |-inch w-eb plate, and four angles each t) inches by 1 
by ^ inches with the long leg out. 

12. Using the formula given by the New York building 
law, determine the total safe load that can he carried by a inist- 
iron column 10 inches in diameter, inches thick, and 12 f<Hit 
long. Use formula given in Cambria for determining value of 
radius of gyration. 

13. State the data recpiircd and the operations involv(‘d in 
the following eases: 

(a) To find the actual llbrc stress on a given beam supporting known 
loads. 

(?j) To lijid the size oC beam required to cany a system of known 
loads at a given fibre stress. 

(c) To find the total h>ad nriiforiuly distrihuLetl, which a given bt*am 
will carry at a given fibre straia- 

14-. Determine ])y Gordaifs formula the total sab^ load tliat 
can ])e. carried by a column 14 feet long (5ompos(‘d of tn o I (Miu‘h 
16-pouud channels placed 6^ inches back to back with two sid<‘ 
plates 12x5' inches riveted to the flangt*. 

16. Make out a bill of material for the head of the ('oluinn 

shown by Fig. 127; sole meastiremenis, assuming drawing to be 
made to a scale of one ineli to one foot. 

IG. For wluit combinations of loading should roof trussi‘s 
be designed ? 

17. State the three types**{)f foundations, and describe each. 

18. State some of the features which should be considered 
ill designing a truss, and which affect the weight. 



QUItlS TlO^rS 

tum .sUBJEcr oi’ 

s'r'isii^iL. coisrsTRUCTioN. 

PART III. 


1. Describe tlie following pieces and state tbeir uses: (a) 
fitting-up bolts; (b) drift pins; (c) clevis nuts; (d) sleeve nuts; 
(e) turnbuckles; (f) upset rods. 

2. Give the Carnegie code of conventional signs for rivet- 

ing. 

3. Deterinine the shearing and bearing value of a y-in. 
rivet on a web in. thick for both shop and field rivets. 

4. In Fig. lOOj dt'terniine the number of rivets actually 
required for the connection of Ho. 11 to Ho. 9, and for Ho. 9 to 
No. 12. Determine the load by the full ca})acity of beams as 
loaded, 

5. the minimum spans for which standard connections 
can bo used on an ?^-in., 12-111., and 15-in. beam loaded uniformly. 

(). Make a shop detail of a cast-iron base with ribs, for 
column Ho. 2 shown in Fig- 22(h Ilase to be 8 ft. X 3 ft. on the 
bottom an<l 15 in. high. 

7. Make a shop detail of a lintel carrying a 10-in. wall, 
and composed of two 10-in. 15-lb. channels and one 10-in. beam, 
the clear opening being 7 ft. and’the channel to he placed Hush 
with the faces of the wall. 

8. Make a shop detail of column Ho. 1 in Fig. 199. 
Length from top of cast-iron base-plate to finished floor 12 ft. 
0 in. Base-plate to l)o 20 X 20 X 2 in., similar to that shown in 
Fig. 109, Part II. 
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^ 9. Make a shop detail of beam No. 11 in Fig. 199. 

10. Make a shop detail of beam No. 2, shown in Fig. 94. 
Part II. Use scale to find dimensions. 

11. Make a shop setting-plan of framing shown in Fig. 
43A, Part I, from the wall line at the bottom of tlie figure, includ¬ 
ing the first line of columns. Use scale to determine dimensions, 
and calculate size of beams for a total load of 175 j)<)iinds per 
square foot. 

12. Make shop detail of * one of the beams between the wall 
and the interior columns on above ])lan. 

13. Make shop detail of one of the beams between the 
girders on the above plan. 

14. Make shop detail of one of the girdtn-s ]K‘twe(Mi the 
interior columns in the above jdan. 

15. Make shop detail of beam No. 2 hi Fig. 22(>. 

10. Make shop detail of beam No. 15 in Fig. 22fi). 

17. Make shop detail and bill of material of column No. 2 
in Fig. 22G, the length from top of baso-plah^ to finished fiooi 
being 14 ft. G in. 

18. Make a shop detail of column No. 2, Fig. 199, assuming 
2 X -t\\ -in. lacing bars to be used instead of the wc‘b plate. Length 
from top of base to finished floor to be 13 ft. 

19. Make schedule of field rivets for all connections shown 
in Fig. 199. 

20. Make schedule of field bolts for all connections in Fig. 

o 


199 
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PART IV. 


1. Name the component parts of a plate girder and state the 
functions of each part. 

2. Give allowable fiber strains for compression, tension, and 
shearing in building work. 

3. Design the section of a single-weo plate giraer to carry a safe 
load of 160,000 pounds, uniformly distributed on a span of 30 feet 
center to center. Neglect the proportion of ben<ling moment carried 
l>y the web and proportion both flanges alike for the total bending 
inoinenl. Design on the basis of stiffeners to prevent the web buck¬ 
ling, and use a web 36 inches deep. 

4. T^esign the section of a two-web plate gir<ler to carry a safe 
load of 400,000 pounds on a span of 36 feet clear between walls; this 
load to be concentrated at five points equally distant between the wall 
fa<*es. Detei’mine proper wall bearing and bed plate for a brick wall 
laid in cement mortar. Use webs 42 inches deep, and flange plates 
20 inches wide. Assume the distance between centers of gravity of 
flanges as 42 inc;hes and proportion flanges for total bending moment. 
Use a web thick enough to prevent buckling without stiffeners. De¬ 
termine the length of all plates. 

5. In the above girder determine the actual centers of gravity 
of the flanges with tlic section chosen, and on the basis of this distance 
between centers of gravity, determines the actual bending moment and 
the total load the girder is capable of safely carrying. 

6. In the girder of problem 3, determine the pitch of rivets 
through the web and angles, and through angles ami cover plates; (a) 
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by approximate methods, (b) by exact formula. State any modifica¬ 
tion of results necessary. 

7. In the girder of problem 5 determine the rivet piTclics for 
both horizontal and vertical rivets using (a) approximate methoils and 
(b) exact formula. State any mollification of results nec*essary. 

S. Make a complete shop detail of the girder designed under 
problem 3, and give bill of material. 

9. Make a complete shop detail of the girder designed under 
problem 5. Arrange for 15-inch beams to frame in each side of the 
girder at the position of concentrated loads, the tops of these beams 
being LJ- inches below the back of top flange angles; the l)eams t(' rest 
on bracket angles, with suitable shear angles and a side coniuxdum 
angle riveted to girder. Splice the web at a convenient point nctn* the 
center. 

10. Give the conditions of e(|uilibrium for statically (hdermiiuMl 
trusses. 

11. (riven a truss with parallel to)) and bottom chords, 50 ft‘ct 
long center to center of bearings, of the tyjK* shown in Fig. 272, with 
ten panels, and loaded with 1000 ponials ])er lineal foot on tlu^ top 
chord. Assume the distance center to (‘enter of chords as (> tWi an<l 
make a strain vsheet giving stresses and sizes suitable for ea(‘h inendxu’. 
Note that top chord is subjected to ])eu(ling. Assume the toj) chord 
braced at the center and midway })etweeu the (‘enter and tln^ walls. 
Denote by proper signs the compression and tension stress(\s. 

12. Explain the diirerenco between intcu'iial, or inner, ror(‘(‘s and 
external forces. 

13. Redesign the truss of probU^n 11, on the basis of a. ceiling 
load of 300 ])ounds })er lineal foot of truss, in addition to th<‘ load on 
the top chord, ''idle (*<nling joists are assumed as r<‘sting dir<‘<*tly on 
the bottom chord. 

I k (Jiven a truss 00 feet long center to center of bearings, and 
loaded with a total load of ISO,000 pounds <*oncentrat<xl at pain^l points 
7 feet 0 inches on center. Design sections of toj) and’ bottom (‘hords 
so that, distance out to out of chords will Ix^ S hxd, and us(‘ a s<‘(‘tion 
similar to that of Fig. 275. The top (*hord is to be stifiencMl at tlu^ 
center and the ends only. Dse a<‘tual (‘enters of gravity and moments 
of inertia in designing. 

15. Make a shop detail of the truss designed in problem 13. 
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O'N’ THE! WXTfijrEC'I' OB’ 

IZ K TORS* 

1. ITow does the plunger elevator operate? 

2, How is the speed of a water-balance elevator con¬ 
trolled? 

8. What is an electric limit switch? 

4. What arrangement of packing is used for the pistons 
of hydraulic elevators? 

5, Ilow are air cushions arranged? 

n. Describe the distributing valve used on the early steam 
elevators. 

7. What kind of safeties are used with steel guides? 

S. Describe the best form of limit valve for hydraulic 
elevators. 

0. Desciibe the two earliest types of steam windino' en\ 
gines. ^ 

10. What is the function of a pilot valve? 

11. What precaution should be taken with elevator cables? 

12. What kind of cylinder lubrication is ])est for liydrnulie 
cylinders? 

18, Name three kinds of hydraulic elevators. 

14. What safety device was used in connection with the 
spur-g(nir winding engine? 

16. How is the Fraser elevator operated? 

10. Explain the method of counter-weighting the cage and 
cables. 

17. How is a pressure tank used? 

18. Describe tiie method of mechanical control for electric 
elevators. 

19. When two counterbalance weights are used, how should 
they be arranged? 
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20. How does a water-balance elevator operate? 

21. Describe the arrangement of safety governors and dogs. 

22. What is the advantage of the vertical oyer the hori¬ 
zontal hydraulic elevator? 

23. How is the speed of electric elevators controlled? 

24:. What is the usual form of counterbalance weights? 

2^. Describe the action of a two-way operating valve. 

26. Describe the method of electrical control for hiM*- 

o 

speed elevators. 

27. Describe the automatic stop used with the spur-goar 
winding engine. 

28. Make a sketch showing general arrangouient of the lior- 
izontal hydraulic elevator. 

29. What wood is used for guide-ways? 
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